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(57) A photovoltaic power generation system and a
photovoltaic power generation system control method
are disclosed, to implement fast frequency support.
The photovoltaic power generation system includes: a
direct current converter, configured to connect an output
of a photovoltaic module and perform voltage conversion
on a direct current output by the photovoltaic module; an
inverter, configured to convert a direct current output by

the direct current converter into an alternating current
and output the alternating current to a power grid; and a
first controller, configured to generate a first drive signal
based on two of a first voltage of the direct current of the
direct current converter, an active power output by the
inverter, and an operating parameter of the power grid,
and control an operating state of the inverter based on the
first drive signal.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No. 202211024308.0, filed with the China National
Intellectual Property Administration on August 24, 2022 and entitled "PHOTOVOLTAIC POWER GENERATION SYSTEM
AND PHOTOVOLTAIC POWER GENERATION SYSTEM CONTROL METHOD", which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the photovoltaic field, and in particular, to a photovoltaic power generation system and
a photovoltaic power generation system control method.

BACKGROUND

[0003] With gradual promotion of a new national energy security strategy for building a new power system focused on
new energy, roles of new energy power generation systems such as wind power and photovoltaic power generation
systems in a power grid gradually change from supporting power supplies to primary power supplies. Therefore, higher
requirements are imposed on new energy devices. With a rapid increase of a penetration rate of photovoltaic installed
capacity in the power grid, a support capability of a photovoltaic device to the power grid becomes essential to security and
stability of a power system. However, in a current photovoltaic construction project, the photovoltaic device generally has
no active support capability to a power grid frequency and a voltage of the power grid. Consequently, a problem of system
instability is easily caused in some scenarios of high-penetration rate, large-scale, and long-distance photovoltaic
transmission over a long transmission line. In addition, when a low-frequency or over-frequency event occurs in the
power grid, the new energy power system may be disconnected from the power grid.

SUMMARY

[0004] This application provides a photovoltaic power generation system and a photovoltaic power generation system
control method, to implement fast frequency support.

[0005] According to a first aspect, an embodiment of this application provides a photovoltaic power generation system,
including a direct current converter, an inverter, and an inverter controller.

[0006] The direct current converter is configured to connect an output of a photovoltaic module and perform voltage
conversion on adirect current output by the photovoltaic module; the inverteris configured to convert a direct current output
by the direct current converter into an alternating current and output the alternating current to a power grid; and the first
controlleris configured to generate a first drive signal based on two of a first voltage of the direct current output by the direct
current converter, an active power output by the inverter, and an operating parameter of the power grid, and control an
operating state of the inverter based on the first drive signal. The first voltage is a voltage amplitude of the direct current
output by the direct current converter, and the operating parameter of the power grid includes one or more of a reactive
current, an active current, a reactive power, an active power, a voltage amplitude, and a power grid frequency.

[0007] Accordingtothe photovoltaic power generation system provided in this embodiment of this application, when the
power grid frequency changes, an amplitude of the first voltage changes, and the active power output by the inverter also
causes a change of the power grid frequency. That is, the foregoing three parameters affect each other. Therefore, when
detecting that the power grid deviates from a rated frequency during normal operation of the power grid, the first controller
may generate a corresponding drive signal based on any two of the foregoing three parameters, and adjust the operating
state of the inverter, so that the alternating current output by the inverter can implement a frequency support function.

[0008] In a possible design, the first controller is specifically configured to: generate a first active power control signal
based on a first voltage difference and a first frequency difference; and generate the first drive signal based on the first
active power control signal and the operating parameter of the power grid. The first voltage is the voltage amplitude of the
direct current output by the direct current converter, and the operating parameter of the power grid includes one or more of
the reactive current, the active current, the reactive power, the active power, the voltage amplitude, and the power grid
frequency.

[0009] Accordingto the foregoing photovoltaic power generation system, droop control between the active power output
by the inverter and the direct current voltage may be performed based on the first voltage difference between the first
voltage and the first reference voltage, droop control between the active power output by the inverter and the power grid
frequency may be performed based on a frequency difference, and an active power forimplementing frequency supportis
determined according to the foregoing two droop control policies.
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[0010] Inapossible design, the first controller is specifically configured to: generate a first modulated wave signal based
on the first active power control signal and the operating parameter of the power grid; and generate the first drive signal
based on the first modulated wave signal and a first carrier signal, where the first carrier signal is a sine wave signal with a
fixed period or a pulse signal.

[0011] According to the photovoltaic power generation system, the first carrier signal is adjusted based on the first
modulated wave signal for controlling an output power of the inverter, to obtain the first drive signal for controlling a
conduction time sequence of switching transistors in the inverter, so as to adjust the active power output by the inverter.
[0012] Inapossible design, the first controller is specifically configured to: obtain a first power based on the first voltage
difference and afirst droop coefficient, where the first droop coefficient is determined based on a correspondence between
the direct current output by the direct current converter and the active power output by the inverter; obtain a second power
based on the first frequency difference and a second droop coefficient, where the second droop coefficient is determined
based on a correspondence between the power grid frequency and the active power output by the inverter; and generate
the first active power control signal based on the first power, the second power, and a third power. The third power is an
initial active power delivered by a plant management system, and the plant management system is configured to control an
operating state of the photovoltaic power generation system.

[0013] According to the foregoing photovoltaic power generation system, an appropriate droop curve is selected for the
correspondence between the power grid frequency and the active power output by the inverter and the correspondence
between the direct current voltage output by the direct current converter and the active power output by the inverter, to
improve frequency support effect.

[0014] In a possible design, the first controller is further configured to: obtain the power grid frequency and the first
voltage in a process of controlling the operating state of the inverter based on the first drive signal; and when it is
determined that the power grid frequency obtained this time is the same as a power grid frequency obtained at an adjacent
time and that the first voltage obtained this time is greater than a first voltage obtained last time, adjust the first drive signal,
to increase an active power output by the photovoltaic power generation system, where the active power output by the
photovoltaic power generation system is less than or equal to a first specified value after the first drive signal is adjusted,
and the first specified value is a maximum active power output by the photovoltaic power generation system during normal
operation of the power grid.

[0015] According to the foregoing photovoltaic power generation system, when the power grid frequency remains
unchanged and the first voltage output by the direct current converter increases, an active power output by the direct
current converter to the inverter increases, and the active power output by the photovoltaic power generation system may
be controlled without affecting operation of the power grid, to increase.

[0016] In a possible design, the first controller is further configured to: obtain the power grid frequency and the first
voltage in a process of controlling the operating state of the inverter based on the first drive signal; and when it is
determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent time and that the
power grid frequency obtained this time is greater than a power grid frequency obtained last time, adjust the first drive
signal, to reduce an active power output by the photovoltaic power generation system, where the active power output by
the photovoltaic power generation system is greater than or equal to a second specified value after the first drive signal is
adjusted, and the second specified value is a minimum active power output by the photovoltaic power generation system
during normal operation of the power grid.

[0017] According to the foregoing photovoltaic power generation system, when the power grid frequency increases, it
indicates that the active power output by the photovoltaic power generation system increases. Correspondingly, when the
power grid frequency decreases, the active power output by the photovoltaic power generation system decreases. To
avoid affecting operation of the power grid, when the power grid frequency increases, the active power output by the
photovoltaic power generation system may be controlled to decrease.

[0018] In a possible design, the first controller is specifically configured to: generate a first voltage control signal based
on a first power difference and a second frequency difference; and generate the first drive signal based on the first voltage
control signal and the operating parameter of the power grid. The first power difference is a difference between the active
power output by the inverter and a first reference power, the second frequency difference is a difference between the power
grid frequency and a second reference frequency, the first reference power is a rated active power output by the inverter
during normal operation of the power grid, and the first reference frequency is a rated frequency during normal operation of
the power grid.

[0019] According to the photovoltaic power generation system, droop control between the active power output by the
inverter and the direct current voltage may be performed based on the first power difference, and droop control between
the power grid frequency and the direct current voltage may be performed based on the second frequency difference; a
direct current voltage amplitude for controlling a drive signal of the inverter is determined according to the foregoing two
droop control policies; and the drive signal of the inverter is controlled, to implement fast frequency support.

[0020] In a possible design, the first controller is specifically configured to: generate a second modulated wave signal
based on the first voltage control signal and the operating parameter of the power grid; and generate the first drive signal
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based on the second modulated wave signal and a second carrier signal, where the second carrier signal is a sine wave
signal with a fixed period or a pulse signal.

[0021] According to the photovoltaic power generation system, the second carrier signal is adjusted based on the
second modulated wave signal for controlling an output power of the inverter, to obtain the first drive signal for controlling a
conduction time sequence of switching transistors in the inverter, so as to adjust an output parameter of the inverter. In a
possible design, the first controller is specifically configured to: obtain a first direct current voltage based on the first power
difference and a third droop coefficient, where the third droop coefficient is determined based on a correspondence
between an active power output by the direct current converter and the direct current output by the direct current converter;
obtain a second direct current voltage based on the second frequency difference and a fourth droop coefficient, where the
fourth droop coefficientis determined based on a correspondence between the power grid frequency and the direct current
output by the direct current converter; and generate the first voltage control signal based on the first direct current voltage,
the second direct current voltage, and a third direct current voltage, where the third direct current voltage is an initial direct
current voltage delivered by a plant management system, and the plant management system is configured to control an
operating state of the photovoltaic power generation system.

[0022] According to the foregoing photovoltaic power generation system, an appropriate droop curve is selected for a
correspondence between the power grid frequency and the first voltage output by the direct current converter and a
correspondence between the active power output by the inverter and the first voltage output by the direct current converter,
to improve frequency support effect.

[0023] Inapossible design, thefirstcontrolleris further configured to:in a process of controlling the operating state of the
inverter based on the first drive signal, obtain the power grid frequency and the active power output by the inverter; and
whenitis determined that the active power, output by the inverter, obtained this time is the same as an active power, output
by the inverter, obtained at an adjacent time and that the power grid frequency obtained this time is greater than a power
grid frequency obtained last time, adjust the first drive signal, to increase the first voltage output by the direct current
converter and reduce an active power output by the photovoltaic power generation system. The active power output by the
photovoltaic power generation system is greater than or equal to a third specified value after the first drive signal is
adjusted, and the third specified value is a minimum active power output by the photovoltaic power generation system
during normal operation of the power grid.

[0024] According to the foregoing photovoltaic power generation system, when the power grid frequency increases, it
indicates that the active power output by the photovoltaic power generation system exceeds a requirement of the power
grid for electric energy. To avoid affecting operation of the power grid, when the power grid frequency increases, the active
power output by the photovoltaic power generation system may be controlled to decrease.

[0025] Inapossible design, thefirstcontrolleris further configured to:in a process of controlling the operating state of the
inverter based on the first drive signal, obtain the power grid frequency and the active power output by the inverter; and
whenitis determined that the power grid frequency obtained this time is the same as a power grid frequency obtained atan
adjacent time and that the active power, output by the inverter, obtained this time is greater than an active power, output by
the inverter, obtained last time, adjust the first drive signal, to increase the first voltage output by the direct current converter
and reduce an active power output by the photovoltaic power generation system, where the active power output by the
photovoltaic power generation system is greater than or equal to a fourth specified value after the first drive signal is
adjusted, and the fourth specified value is a minimum active power output by the photovoltaic power generation system
during normal operation of the power grid.

[0026] According to the foregoing photovoltaic power generation system, to prevent the active power output by the
photovoltaic power generation system from increasing and exceeding the requirement of the power grid for the electric
energy, when it is detected that the active power output by the photovoltaic power generation system increases, the first
drive signal may be adjusted to control the active power output by the photovoltaic power generation system to decrease,
so as to implement stable operation of the power grid.

[0027] Inapossibledesign,thefirstcontrolleris specifically configured to: generate afirstfrequency control signal based
on a second power difference and a second voltage difference; and generate the first drive signal based on the first
frequency control signal and the operating parameter of the power grid. The second power difference is a difference
between the active power output by the inverter and a second reference power, the second voltage difference is a
difference between the first voltage and a second reference voltage, the second reference power is a rated active power
output by the inverter during normal operation of the power grid, and the second reference voltage is a rated voltage output
by the direct current converter during normal operation of the power grid.

[0028] Accordingtothe photovoltaic power generation system, droop control between the power grid frequency and the
active power output by the inverter may be performed based on the second power difference, and droop control between
the power grid frequency and the first voltage output by the direct current converter may be performed based on the second
voltage difference; a frequency output by the inverter is determined according to the foregoing two droop control policies;
and the frequency output by the inverter is adjusted, to achieve frequency support effect.

[0029] Inapossibledesign,thefirstcontrolleris specifically configured to: generate a third modulated wave signal based
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on thefirstfrequency control signal and the operating parameter of the power grid; and generate the first drive signal based
on the third modulated wave signal and a third carrier signal, where the third carrier signal is a sine wave signal with a fixed
period or a pulse signal.

[0030] According to the photovoltaic power generation system, the third carrier signal is adjusted based on the third
modulated wave signal for controlling an output power of the inverter, to obtain the first drive signal for controlling a
conduction time sequence of switching transistors in the inverter, so as to adjust an output parameter of the inverter. In a
possible design, the first controller is specifically configured to: generate a first frequency based on the second power
difference and afifth droop coefficient, where the fifth droop coefficient is determined based on a correspondence between
the active power output by the inverter and the power grid frequency; generate a second frequency based on the second
voltage difference and a sixth droop coefficient, where the sixth droop coefficient is determined based on a correspon-
dence between the direct current output by the direct current converter and the power grid frequency; and generate the first
frequency control signal based on the first frequency, the second frequency, and a third frequency. The third frequency is
an initial frequency delivered by a plant management system, and the plant management system is configured to control
an operating state of the photovoltaic power generation system.

[0031] According to the foregoing photovoltaic power generation system, an appropriate droop curve is selected for the
correspondence between the power grid frequency and the active power output by the inverter and the correspondence
between the first voltage output by the direct current converter and the power grid frequency, toimprove frequency support
effect.

[0032] Inapossible design, thefirstcontrolleris further configured to:in a process of controlling the operating state of the
inverter based on the first drive signal, obtain the first voltage and the active power output by the inverter; and when it is
determined that the active power, output by the inverter, obtained this time is the same as an active power, output by the
inverter, obtained at an adjacent time and that the first voltage obtained this time is greater than a first voltage obtained last
time, adjust the first drive signal, to increase a frequency of the alternating current output by the inverter and increase an
active power output by the photovoltaic power generation system. After the first drive signal is adjusted, the active power
output by the photovoltaic power generation system is less than or equal to a fifth specified value and the power grid
frequency is less than or equal to a maximum frequency during normal operation of the power grid. The fifth specified value
is a maximum active power output by the photovoltaic power generation system during normal operation of the power grid.
[0033] According to the foregoing photovoltaic power generation system, when the first voltage output by the direct
current converterincreases, an active power output by the direct current converter to the inverter increases, and the active
power output by the photovoltaic power generation system may be controlled without affecting operation of the power grid,
to increase.

[0034] Inapossible design, thefirstcontrolleris further configured to:in a process of controlling the operating state of the
inverter based on the first drive signal, obtain the first voltage and the active power output by the inverter; and when it is
determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent time and that the
active power, output by the inverter, obtained this time is greater than an active power, output by the inverter, obtained last
time, adjust the first drive signal, to reduce a frequency of the alternating current output by the inverter and reduce an active
power output by the photovoltaic power generation system. After the first drive signal is adjusted, the active power output
by the photovoltaic power generation system is greater than or equal to a sixth specified value and the power grid
frequency is greater than or equal to a minimum frequency during normal operation of the power grid. The sixth specified
value is a minimum active power output by the photovoltaic power generation system during normal operation of the power
grid.

[0035] Inapossible design, the photovoltaic power generation system further includes a second controller connected to
the direct current converter, and is configured to: generate a second drive signal based on a third voltage difference, and
control, based on the second drive signal, the active power output by the direct current converter. The third voltage
difference is a difference between a third reference voltage and the first voltage, and the third reference voltage is the rated
voltage output by the direct current converter during normal operation of the power grid.

[0036] Accordingtothe foregoing photovoltaic power generation system, because the inverteris connected to the direct
current converter, in other words, the active power output by the inverter is mainly supplied by the direct current converter, a
direct current controller may adjust the active power output by the direct current converter, so that the inverter can output
the active power for implementing frequency support. In this way, the output active power meets a frequency support
requirement. In addition, because the second controller may directly determine the power grid frequency based on the first
voltage, the power grid frequency does not need to be obtained through a high-speed transmission line. This increases a
frequency support speed of the photovoltaic power generation system.

[0037] Inapossible design, the second controlleris specifically configured to: determine an operating mode of the direct
current converter, where the operating mode includes a unidirectional support mode and a bidirectional support mode;
generate the third reference voltage based on the operating mode of the direct current converter and an operating
parameter of the direct current converter, where the operating parameter of the direct current converter includes one or
more of an input current, an input voltage, and an input power; obtain a fourth power based on the third voltage difference
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and a seventh droop coefficient, where the seventh droop coefficient is determined based on a correspondence between
the output voltage of the direct current converter and the active power output by the direct current converter; determine a
second active power control signal based on the fourth power and a maximum power; and generate the second drive signal
based on the second active power control signal and an input parameter of the direct current converter.

[0038] According to the foregoing photovoltaic power generation system, when the power grid frequency increases, the
output voltage of the direct current converter increases. Correspondingly, when the power grid frequency decreases, the
output voltage of the direct current converter decreases. Therefore, a current power grid status may be determined based
on the second voltage difference between the voltage output by the direct current converter and the reference voltage, and
corresponding power adjustment is performed, to implement frequency support.

[0039] Inapossible design, the second controlleris further configured to calculate the maximum power MPPE based on
the operating parameter of the direct current converter.

[0040] According to the foregoing photovoltaic power generation system, the direct current converter operates in an
MPPT mode without frequency support, and outputs the maximum power. When power grid frequency support is needed,
the maximum power may be estimated based on the MPPE, and power adjustment is performed based on the maximum
power.

[0041] Ina possible design, the second controller is specifically configured to: determine an additional reserved power
based on the operating mode of the direct current converter; and generate the third reference voltage based on the
operating parameter of the direct current converter and the additional reserved power.

[0042] According tothe foregoing photovoltaic power generation system, an output power of the direct current converter
may be determined based on the operating parameter of the direct current converter and a specified additional reserved
power, to dynamically adjust a reference voltage.

[0043] According to a second aspect, an embodiment of this application provides a photovoltaic power generation
system control method. The method may be applied to a photovoltaic power generation system, and specifically includes
the following steps: monitoring an operating parameter of a power grid, a first voltage output by an inverter, and an active
power output by a direct current converter; and generating a first drive signal based on two of the first voltage, the active
power output by the direct current converter, and the operating parameter of the power grid, and controlling an operating
state of the inverter based on the first drive signal, where the first voltage is a voltage amplitude of a direct current output by
the direct current converter, and the operating parameter of the power grid includes one or more of a reactive current, an
active current, areactive power, an active power, a voltage amplitude, and a power grid frequency. In a possible design, the
generating a first drive signal based on two of the first voltage, the active power output by the inverter, and the operating
parameter of the power grid includes: generating a first active power control signal based on a first voltage difference and a
first frequency difference, where the first voltage difference is a difference between the first voltage and a first reference
voltage, the first frequency difference is a difference between the power grid frequency and a first reference frequency, the
first reference voltage is a rated voltage output by the direct current converter during normal operation of the power grid,
and the first reference frequency is a rated frequency during normal operation of the power grid; and generating the first
drive signal based on the first active power control signal and the operating parameter of the power grid.

[0044] In a possible design, the generating the first drive signal based on the first active power control signal and the
operating parameter of the power grid includes: generating a first modulated wave signal based on the first active power
control signal and the operating parameter of the power grid; and generating the first drive signal based on the first
modulated wave signal and a first carrier signal, where the first carrier signal is a sine wave signal with a fixed period or a
pulse signal.

[0045] Inapossible design, the generating afirst active power control signal based on afirst voltage difference and afirst
frequency difference includes: obtaining a first power based on the first voltage difference and a first droop coefficient,
where the first droop coefficient is determined based on a correspondence between the direct current voltage output by the
direct current converter and the active power output by the direct current converter; obtaining a second power based on the
first frequency difference and a second droop coefficient, where the second droop coefficient is determined based on a
correspondence between the power grid frequency and the active power output by the inverter; and generating the first
active power control signal based on the first power, the second power, and a third power, where the third power is an initial
active power delivered by a plant management system, and the plant management system is configured to control an
operating state of the photovoltaic power generation system.

[0046] In a possible design, the method further includes: obtaining the power grid frequency and the first voltage in a
process of controlling the operating state of the inverter based on the first drive signal; and when it is determined that the
power grid frequency obtained this time is the same as a power grid frequency obtained at an adjacenttime and that the first
voltage obtained this time is greater than a first voltage obtained last time, adjusting the first drive signal, to increase an
active power output by the photovoltaic power generation system, where the active power output by the photovoltaic power
generation system is less than or equal to a first specified value after the first drive signal is adjusted, and the first specified
value is a maximum active power output by the photovoltaic power generation system during normal operation of the
power grid.
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[0047] In a possible design, the method further includes: obtaining the power grid frequency and the first voltage in a
process of controlling the operating state of the inverter based on the first drive signal; and when it is determined that the
first voltage obtained this time is the same as a first voltage obtained at an adjacent time and that the power grid frequency
obtained this time is greater than a power grid frequency obtained last time, adjusting the first drive signal, to reduce an
active power output by the photovoltaic power generation system. The active power output by the photovoltaic power
generation system is greater than or equal to a second specified value after the first drive signal is adjusted, and the second
specified value is a minimum active power output by the photovoltaic power generation system during normal operation of
the power grid.

[0048] Inapossible design, the generating afirst drive signal based on two of the first voltage, the active power output by
the inverter, and the operating parameter of the power grid includes: generating afirst voltage control signal based on a first
power difference and a second frequency difference, where the first power difference is a difference between the active
power output by the inverter and a firstreference power, the second frequency difference is a difference between the power
grid frequency and a second reference frequency, the first reference power is a rated active power output by the inverter
during normal operation of the power grid, and the first reference frequency is a rated frequency during normal operation of
the power grid; and generating the first drive signal based on the first voltage control signal and the operating parameter of
the power grid.

[0049] Inapossibledesign,the generating the firstdrive signal based on the first voltage control signal and the operating
parameter of the power grid includes: generating a second modulated wave signal based on the first voltage control signal
and the operating parameter of the power grid; and generating the first drive signal based on the second modulated wave
signal and a second carrier signal, where the second carrier signal is a sine wave signal with a fixed period or a pulse signal.
[0050] In a possible design, the generating a first voltage control signal based on a first power difference and a second
frequency difference includes: obtaining a first direct current voltage based on the first power difference and a third droop
coefficient, where the third droop coefficient is determined based on a correspondence between an active power output by
the direct current converter and the direct current output by the direct current converter; obtaining a second direct current
voltage based on the second frequency difference and a fourth droop coefficient, where the fourth droop coefficient is
determined based on a correspondence between the power grid frequency and the direct current output by the direct
current converter; and generating the first voltage control signal based on the first direct current voltage, the second direct
current voltage, and a third direct current voltage, where the third direct current voltage is an initial direct current voltage
delivered by a plant management system, and the plant management system is configured to control an operating state of
the photovoltaic power generation system.

[0051] In a possible design, the method further includes: in a process of controlling the operating state of the inverter
based on the first drive signal, obtaining the power grid frequency and the active power output by the inverter; and wheniitis
determined that the active power, output by the inverter, obtained this time is the same as an active power, output by the
inverter, obtained at an adjacent time and that the power grid frequency obtained this time is greater than a power grid
frequency obtained last time, adjusting the first drive signal, to increase the first voltage output by the direct current
converter and reduce an active power output by the photovoltaic power generation system. The active power output by the
photovoltaic power generation system is greater than or equal to a third specified value after the first drive signal is
adjusted, and the third specified value is a minimum active power output by the photovoltaic power generation system
during normal operation of the power grid.

[0052] In a possible design, the method further includes: in a process of controlling the operating state of the inverter
based on the first drive signal, obtaining the power grid frequency and the active power output by the inverter; and wheniitis
determined that the power grid frequency obtained this time is the same as a power grid frequency obtained at an adjacent
time and that the active power, output by the inverter, obtained this time is greater than an active power, output by the
inverter, obtained last time, adjusting the first drive signal, to increase the first voltage output by the direct current converter
and reduce an active power output by the photovoltaic power generation system. The active power output by the
photovoltaic power generation system is greater than or equal to a fourth specified value after the first drive signal is
adjusted, and the fourth specified value is a minimum active power output by the photovoltaic power generation system
during normal operation of the power grid.

[0053] Inapossible design, the generating a first drive signal based on two of the first voltage, the active power output by
the inverter, and the operating parameter of the power grid includes: generating a first frequency control signal based on a
second power difference and a second voltage difference, where the second power difference is a difference between the
active power output by the inverter and a second reference power, the second voltage difference is a difference between
the first voltage and a second reference voltage, the second reference power is a rated active power output by the inverter
during normal operation of the power grid, and the second reference voltage is a rated voltage output by the direct current
converter during normal operation of the power grid; and generating the first drive signal based on the first frequency
control signal and the operating parameter of the power grid.

[0054] In a possible design, the generating the first drive signal based on the first frequency control signal and the
operating parameter of the power grid includes: generating a third modulated wave signal based on the first frequency
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control signal and the operating parameter of the power grid; and generating the first drive signal based on the third
modulated wave signal and a third carrier signal, where the third carrier signal is a sine wave signal with a fixed period ora
pulse signal.

[0055] In a possible design, the generating a first frequency control signal based on a second power difference and a
second voltage difference includes: generating a first frequency based on the second power difference and a fifth droop
coefficient, where the fifth droop coefficient is determined based on a correspondence between the active power output by
the inverter and the power grid frequency; generating a second frequency based on the second voltage difference and a
sixth droop coefficient, where the sixth droop coefficient is determined based on a correspondence between the direct
current output by the direct current converter and the power grid frequency; and generating the first frequency control
signal based on the first frequency, the second frequency, and a third frequency, where the third frequency is an initial
frequency delivered by a plant management system, and the plant management system is configured to control an
operating state of the photovoltaic power generation system.

[0056] In a possible design, the method further includes: in a process of controlling the operating state of the inverter
based on the first drive signal, obtaining the first voltage and the active power output by the inverter; and when it is
determined that the active power, output by the inverter, obtained this time is the same as an active power, output by the
inverter, obtained at an adjacent time and that the first voltage obtained this time is greater than a first voltage obtained last
time, adjusting the first drive signal, to increase a frequency of an alternating current output by the inverter and increase an
active power output by the photovoltaic power generation system. After the first drive signal is adjusted, the active power
output by the photovoltaic power generation system is less than or equal to a fifth specified value and the power grid
frequency is less than or equal to a maximum frequency during normal operation of the power grid. The fifth specified value
is a maximum active power output by the photovoltaic power generation system during normal operation of the power grid.
[0057] In a possible design, the method further includes: in a process of controlling the operating state of the inverter
based on the first drive signal, obtaining the first voltage and the active power output by the inverter; and when it is
determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent time and that the
active power, output by the inverter, obtained this time is greater than an active power, output by the inverter, obtained last
time, adjusting the first drive signal, to reduce a frequency of an alternating current output by the inverter and reduce an
active power output by the photovoltaic power generation system. After the first drive signal is adjusted, the active power
output by the photovoltaic power generation system is greater than or equal to a sixth specified value and the power grid
frequency is greater than or equal to a minimum frequency during normal operation of the power grid. The sixth specified
value is a minimum active power output by the photovoltaic power generation system during normal operation of the power
grid.

[0058] Inapossible design, the method furtherincludes: generating a second drive signal based on the first voltage and
a third voltage difference, and controlling, based on the second drive signal, the active power output by the direct current
converter, where the third voltage difference is a difference between a third reference voltage and the first voltage, and the
third reference voltage is the rated voltage output by the direct current converter during normal operation of the power grid.
[0059] Inapossible design, the generating a second drive signal based on the first voltage and a third voltage difference
includes: determining an operating mode of the direct current converter, where the operating mode includes a unidirec-
tional support mode and a bidirectional support mode; generating the third reference voltage based on the operating mode
ofthe direct current converter and an operating parameter of the direct current converter, where the operating parameter of
the direct current converter includes one or both of an input current and an input power; obtaining a fourth power based on
the third voltage difference and a seventh droop coefficient, where the seventh droop coefficient is determined based on a
correspondence between the output voltage of the direct current converter and the active power output by the direct
current converter; determining a second active power control signal based on the fourth power and a maximum power
MPPE; and generating the second drive signal based on the second active power control signal and an input parameter of
the direct current converter.

[0060] Inapossible design, the generating the second drive signal based on the second active power control signal and
an input parameter of the direct current converter includes: generating a fourth modulated wave signal based on the
second active power control signal and the input parameter of the direct current converter; and generating the second drive
signal based on the fourth modulated wave signal and a fourth carrier signal, where the fourth carrier signal is a sine wave
signal with a fixed period or a pulse signal.

[0061] Inapossibledesign,the method furtherincludes: determining the MPPE based on the operating parameter of the
direct current converter.

[0062] Inapossible design, the generating the third reference voltage based on the operating mode of the direct current
converter and an operating parameter of the direct current converter includes: determining an additional reserved power
based on the operating mode of the direct current converter; and generating the third reference voltage based on the
operating parameter of the direct current converter and the additional reserved power.

[0063] Fortechnical effect that can be achieved in the second aspect, refer to descriptions of beneficial effect in the first
aspect. Details are not described herein again.



10

15

20

25

30

35

40

45

50

55

EP 4 572 071 A1
BRIEF DESCRIPTION OF DRAWINGS
[0064]

FIG. 1is a schematic diagram 1 of a structure of a photovoltaic power generation system according to an embodiment
of this application;

FIG. 2is a schematic diagram 2 of a structure of a photovoltaic power generation system according to an embodiment
of this application;

FIG. 3is a schematic diagram of a correspondence between an active power output by an inverter and a direct current
voltage according to an embodiment of this application;

FIG. 4 is a schematic diagram of a correspondence between an active power output by an inverter and a power grid
frequency according to an embodiment of this application;

FIG. 5 is a schematic diagram of a correspondence between a direct current voltage and a power grid frequency
according to an embodiment of this application;

FIG. 6 is a schematic diagram 3 of a structure of a photovoltaic power generation system according to an embodiment
of this application;

FIG. 7 is aschematic diagram 1 of a correspondence between an active power output by a direct current converter and
a direct current voltage according to an embodiment of this application;

FIG. 8 is a schematic diagram 1 of an output waveform of a photovoltaic power generation system according to an
embodiment of this application;

FIG. 9 is a schematic diagram 2 of an output waveform of a photovoltaic power generation system according to an
embodiment of this application;

FIG. 10 is a schematic diagram 2 of a correspondence between an active power output by a direct current converter
and a direct current voltage according to an embodiment of this application;

FIG. 11 is a schematic diagram 3 of an output waveform of a photovoltaic power generation system according to an
embodiment of this application;

FIG. 12 is a schematic diagram 4 of an output waveform of a photovoltaic power generation system according to an
embodiment of this application;

FIG. 13 is a schematic flowchart 1 of a photovoltaic power generation system control method according to an
embodiment of this application;

FIG. 14 is a schematic flowchart 2 of a photovoltaic power generation system control method according to an
embodiment of this application;

FIG. 15 is a schematic flowchart 3 of a photovoltaic power generation system control method according to an
embodiment of this application;

FIG. 16 is a schematic flowchart 4 of a photovoltaic power generation system control method according to an
embodiment of this application; and

FIG. 17 is a schematic flowchart 5 of a photovoltaic power generation system control method according to an
embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0065] Tomake objectives, technical solutions, and advantages of embodiments of this application clearer, the following
describes embodiments of this application in detail with reference to accompanying drawings. Terms used in implementa-
tions of this application are only used to explain specific embodiments of this application, but are not intended to limit this
application. Itis clear that the described embodiments are merely some rather than all of embodiments of this application.
All other embodiments obtained by persons of ordinary skill in the art based on embodiments of this application without
creative efforts shall fall within the protection scope of this application.

[0066] It should be noted that, the terms "first", "second", and the like in this specification, claims, and accompanying
drawings of this application are intended to distinguish between similar objects but do not necessarily indicate a specific
order or sequence. It should be understood that the data termed in such a way is interchangeable in appropriate
circumstances, so that embodiments of this application described herein can be implemented in an order other than the
orders illustrated or described herein. Implementations described in the following example embodiments do not represent
all implementations consistent with this application. On the contrary, the implementations are merely examples of
apparatuses and methods that are described in the appended claims in detail and that are consistent with some aspects
of this application.

[0067] The following describes some terms in embodiments of this application, to facilitate understanding of persons
skilled in the art.
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(1) In embodiments of this application, "a plurality of" means two or more, and another quantifier is similar to this.
(2) A switching transistor in embodiments of this application may be one or more of a plurality of types of switching
transistors, such as a relay, a metal oxide semiconductor field effect transistor (metal oxide semiconductor field effect
transistor, MOSFET), a bipolarjunction transistor (bipolar junction transistor, BJT), an insulated gate bipolar transistor
(insulated gate bipolar transistor, IGBT), and a silicon carbide (SiC) transistor. Details are not listed in embodiments of
this application. The switching transistors may be packaged in a single-transistor package, or may be packaged in a
multi-transistor package. This is not limited in embodiments of this application. Each switching transistor may include
afirst end, a second end, and a control end, where the control end is configured to control conduction or cutoff of the
switching transistor. When the switching transistor is conducted, a current may be transmitted between the first end
and the second end of the switching transistor. When the switching transistor is cut off, the current cannot be
transmitted between the first end and the second end of the switching transistor. AMOSFET is used as an example.
The control end of the switching transistor is a gate, and the first end of the switching transistor may be a source, and
the second end may be a drain; or the first end may be a drain, and the second end may be a source.

(3) In embodiments of this application, a "connection" may be understood as an electrical connection, and a
connection between two electrical elements may be a direct or indirect connection between the two electrical
elements. For example, a connection between A and B may be a direct connection between A and B, or may be an
indirect connection between A and B through one or more other electrical elements. For example, that A is connected
to B may also be that A is directly connected to C, C is directly connected to B, A and B are connected through C. The
"connection" in embodiments of this application may alternatively be understood as a wireless connection, to be
specific, a connection between two electrical elements may be an electromagnetic connection between the two
electrical elements.

(4) Active power-frequency droop control: The active power-frequency droop control may be constructed based on an
approximate linear relationship between an active power and a power grid frequency. In the active power-frequency
droop control, when the power grid frequency fluctuates because a power grid cannot meet a load requirement, an
inverter may be controlled to output an active power for controlling the power grid frequency to restore to normal.
(5) Voltage-active power droop control: An approximate linear relationship between a direct current voltage at an input
side of aninverter and an active power output by the inverter is established, and the voltage-active power droop control
is constructed based on the approximate linear relationship. In the voltage-active power droop control, when a power
grid frequency fluctuates because a power grid cannot meet a load requirement, the inverter may be controlled to
output an active power for controlling the power grid frequency to restore to normal.

(6) Voltage-frequency droop control: An approximate linear relationship between a direct current voltage and a power
grid frequency is established, and the voltage-frequency droop control is constructed based on the approximate linear
relationship. In the direct current voltage-frequency droop control, when the power grid frequency fluctuates because
a power grid cannot meet a load requirement, a direct current converter may be controlled to output an active power
required for restoring the power grid frequency.

(7) Maximum power point tracking (maximum power point tracking, MPPT) mode: A controller of a direct current
converter may track a maximum power point of a photovoltaic module. This can significantly increase an output power
of a photovoltaic array and further improve energy utilization of a photovoltaic system.

(8) Maximum power point estimation (maximum power point estimation, MPPE) mode: A controller of a direct current
converter may estimate a maximum power point of a photovoltaic module.

[0068] The solutions disclosed in this application may be applied to a new energy system, and applied to a grid-
connected scenario of the new energy system. The new energy system includes but is not limited to a photovoltaic power
generation system, a wind power generation system, a water power generation system, or the like.

[0069] Inaspecificapplication scenario, the new energy system may be a photovoltaic power generation system. FIG. 1
is an example of a schematic diagram of a structure of a photovoltaic power generation system. Refer to FIG. 1. The
photovoltaic power generation system mainly includes a direct current converter, an inverter, and a controller. The
photovoltaic power generation system is connected to a photovoltaic module, and outputs electric energy output by the
photovoltaic module to a power grid.

[0070] In a possible implementation, the photovoltaic power generation system includes the photovoltaic module.
[0071] Inagrid connection process of the photovoltaic power generation system, the photovoltaic module may convert
lightenergy into adirect current. The direct current converter is connected to an output end of the photovoltaic module, and
may receive the direct current output by the photovoltaic module and perform voltage conversion on the received direct
current. The inverter may receive a direct current that is output by the direct current converter and that is obtained through
voltage conversion, convert the received direct current into an alternating current, and output the alternating current to the
power grid through a grid connection point, thereby implementing grid connection of the photovoltaic power generation
system. The controller is connected to the inverter, and is configured to control the inverter to convert the received direct
currentinto an alternating current. The direct current converter is usually connected to the inverter through a direct current
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bus, in other words, a voltage amplitude of the direct current output by the direct current converter is a direct current bus
voltage.

[0072] During actual application, the inverter includes a plurality of switch devices. The controller sends a drive signal to
the plurality of switches in the inverter, to control conduction states of the plurality of switch devices in the inverter, so as to
control operation of the inverter.

[0073] Still refer to FIG. 1. The controller is connected to an upper-layer plant management system of the photovoltaic
power generation system, and adjusts an operating state of the inverter when receiving a control instruction sent by the
plant management system. Specifically, the plant management system may obtain an operating parameter of the power
grid periodically or in real time, and monitor an operating state of the power grid. When a fault of the power grid or a great
change of a connected load causes a frequency change of the power grid, the plant management system may calculate,
based on an operating status of the power grid, an active power required for frequency support, and deliver a scheduling
instruction to the controller. After receiving the scheduling instruction, the controller adjusts a drive signal of a switching
transistor in the inverter, to adjust an active power output by the inverter, so as to implement a frequency support function
for the power grid.

[0074] During actual application, the frequency support function of the controller is implemented based on the
scheduling instruction delivered by the upper-layer plant management system. The controller is controlled by the plant
management system. When the power grid frequency fluctuates, a response speed is slow.

[0075] In view of this, embodiments of this application provide a photovoltaic power generation system and a
photovoltaic power generation system control method, to quickly implement frequency support. To make objectives,
technical solutions, and advantages of this application clearer, the following further describes this application in detail with
reference to accompanying drawings.

[0076] FIG. 2 is a schematic diagram of a structure of a photovoltaic power generation system according to an
embodiment of this application. Refer to FIG. 2. The photovoltaic power generation system 20 includes a direct current
converter 21, an inverter 22, and a first controller 23. An input end of the direct current converter 21 is connected to an
output end of a photovoltaic module 24, an output end of the direct current converter 21 is connected to the inverter 22, and
the inverter 22 is connected to the first controller 23.

[0077] In an example, the photovoltaic power generation system 20 may further include the photovoltaic module 24.
[0078] Referto FIG. 2. In a grid connection process of the photovoltaic power generation system 20, the photovoltaic
module 24 may convertlight energy into adirect current, and output the direct current to the direct current converter 21. The
direct current converter 21 may perform voltage conversion on the direct current output by the photovoltaic module 24, and
output a direct current obtained through voltage conversion. The inverter 22 may convert the direct current output by the
direct current converter 21 into an alternating current and output the alternating current to a power grid, thereby
implementing grid connection of the photovoltaic power generation system. The first controller 23 is connected to the
inverter 22, and may control the inverter 22 to convert a received direct current into an alternating current. The direct
current converter 21 is connected to the inverter 22 through a direct current bus.

[0079] Duringactual application, the direct current converter 21 is connected to the inverter 22 through the direct current
bus, and a voltage of an alternating current output by the direct current converter 21 is a direct current bus voltage.
[0080] Specifically, the first controller 23 may generate a first drive signal based on two of a first voltage of the direct
current output by the direct current converter 21, an active power output by the inverter 22, and an operating parameter of
the power grid, and control an operating state of the inverter 22 based on the first drive signal, so that the alternating current
output by the inverter 22 can implement a frequency support function.

[0081] RefertoFIG.2.Inthe grid connection process of the photovoltaic power generation system 20, when a power grid
frequency changes, an amplitude of the first voltage changes, and the active power output by the inverter 22 also causes a
change of the power grid frequency, that is, the foregoing three parameters affect each other. Therefore, when detecting
that the power grid deviates from a rated frequency during normal operation of the power grid, the first controller may
generate an adjustment value of the other parameter based on any two of the foregoing three parameters, and generate a
corresponding drive signal, so that the inverter 22 outputs the alternating current for implementing frequency support, to
implement the frequency support function of the photovoltaic power generation system.

[0082] The operating parameter of the power grid may include one or more of the following: a reactive current, an active
current, an active power, a reactive power, a voltage amplitude, and a power grid frequency.

[0083] Itshould be understood that, in the photovoltaic power generation system 20 provided in this embodiment of this
application, the local first controller 23 of the photovoltaic power generation system 20 may perform frequency support
calculation. Compared with an upper-layer plant management system, in which frequency support calculation is
performed, in the conventional technology, the photovoltaic power generation system reduces a time for obtaining the
power grid frequency and a related parameter and a time for delivering a scheduling instruction, thereby implementing fast
frequency support, and quickly restoring the power grid to a stable state.

[0084] In addition, in the photovoltaic power generation system 20 provided in this embodiment of this application, the
first voltage that represents an electric energy generation status of the photovoltaic power generation system 20
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participates in frequency support calculation. Because the electric energy generation status of the photovoltaic power
generation system 20 is considered, an active power output by the photovoltaic power generation system 20 may be
appropriately increased without affecting operation of the power grid, to increase a proportion of new energy in the power
grid.

[0085] Duringactual application, the inverter 22 may include devices such as a switching transistor, a diode, an inductor,
and a capacitor. The operating state of the inverter 22 may be implemented by adjusting operating states of these devices
(for example, switching transistors).

[0086] Specifically, if the switching transistor in the inverter 22 is a MOS transistor, the first controller 23 may be
connected to a gate of the MOS transistor, to adjust an operating status of the inverter 22 by controlling on/off of the MOS
transistor; or if the switching transistor in the inverter 22 is a BJT, the first controller 23 may be connected to a base of the
BJT, to adjust the operating status of the inverter 22 by controlling on/off of the BJT.

[0087] The following describes, with reference to embodiments, processes in which the first controller 23 implements
frequency support based on different parameters.

Embodiment 1

[0088] During actual application, the first controller 23 generates a first drive signal based on a first voltage output by the
direct current converter 21 and a power grid frequency.

[0089] Specifically, the first controller 23 may calculate a first voltage difference between the first voltage and a first
reference voltage, and calculate a first frequency difference between the power grid frequency and a first reference
frequency; generate a first active power control signal based on the first voltage difference and the first frequency
difference; and generate the first drive signal based on the first active power control signal and a current operating
parameter of a power grid. The first reference voltage is a rated voltage output by the direct current converter 21 during
normal operation of the power grid. The first reference frequency is a rated frequency during normal operation of the power
grid.

[0090] During actual application, when the power grid frequency is higher than the first reference frequency, itindicates
that an active power currently transmitted on the power grid is higher than an active power actually required by the power
grid. When the power grid frequency is lower than the first reference frequency, it indicates that an active power currently
transmitted on the power grid is lower than an active power actually required by the power grid; and an active power-
frequency droop control policy is established based on a correspondence between the power grid frequency and an active
power output by an inverter. Similarly, when the first voltage output by the direct current converter 21 is higher than the first
reference voltage, it indicates that a power output by the direct current converter 21 exceeds a rated power during normal
operation of the power grid; when the inverter sends the power to the power grid, the power transmitted on the power grid
exceeds the power actually required by the power grid. When the first voltage output by the direct current converter 21 is
lower than the first reference power, it indicates that the power output by the direct current converter 21 exceeds the rated
power during normal operation of the power grid; and when the inverter sends the power to the power grid, the power
transmitted on the power grid is less than the power actually required by the power grid, and a voltage-active power droop
control policy is established based on a correspondence between the active power output by the inverter and a direct
current bus voltage. An active power required for frequency support is obtained through calculation according to the
foregoing two droop control policies.

[0091] During actual application, the first controller 23 forms the voltage-active power droop control policy based on the
first voltage difference and afirst droop coefficient, to obtain a first power; and the first controller 23 obtains a second power
based on the first frequency difference and a second droop coefficient, where the second droop coefficient is determined
based on the correspondence between the power grid frequency and the active power output by the inverter. The first
active power control signal required for frequency supportis generated based on the first power and the second power that
are obtained according to the foregoing two droop control policies, and a third power. The first droop coefficient is
determined based on a correspondence between a direct current output by the direct current converter and the active
power output by the inverter. Similarly, the third power is an initial active power delivered by a plant management system,
and the plant management system is configured to control an operating state of the photovoltaic power generation system
20.

[0092] Inanexample, the first controller 23 may be separately connected to a direct current sensor and an alternating
current sensor. The direct current sensor is configured to detect the first voltage output by the direct current converter 21,
and the alternating current sensor may detect the operating parameter of the power grid. An alternating current detection
unit may be, but is not limited to, a voltage sensor and a current sensor, for example, a Hall effect sensor.

[0093] During actual application, after obtaining values detected by the sensors, the first controller 23 may calculate,
according to the following formula, the first active power control signal Py, for power support:
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l:)INV = Kup * (Ubus - U{S{/Bus) + Kpf * (fggzg - I:rcq) + l:)cmd (Formula 1)

[0094] Kup indicates the first droop coefficient, Kpf indicates the second droop coefficient, Uy, s indicates the first voltage,

ref ref
UlnvBus indicates the first reference voltage, freq indicates the power grid frequency, freq indicates the first reference

frequency, and P4 indicates the initial active power delivered by the upper-layer plant management system. The first
droop coefficient Kup and the second droop coefficient Kpf may be, but are not limited to, constants, exponents, and power
exponents.

[0095] During specificimplementation, the first droop coefficientis set based on a curve of the correspondence between
the direct current bus voltage and the active power output by the inverter 22, and the second droop coefficient is set based
on a curve of the correspondence between the active power output by the inverter and the power grid frequency. The
foregoing values may be configured by using a proportional controller, an integrator, another combination, or a user
selection.

[0096] Referto FIG. 2. The first controller 23 generates the first active power control signal according to the foregoing
formula 1, and generates a first modulated wave signal based on the first active power control signal and the current
operating parameter of the power grid. After the first modulated wave signal is compared with a first carrier signal, the first
drive signal is generated, and is sent to switching transistors in the inverter 22. The switching transistors in the inverter 22
adjust a conduction time sequence of the switching transistors under control of the first drive signal, to adjust the active
power outputby the inverter 22, so as toimplement a frequency support function. The first carrier signal may be a sine wave
signal with a fixed period or a pulse signal.

[0097] Itcanbe learned from the foregoing formula 1 that the active power output by the inverter 22 may be dynamically
adjusted based on a dynamic change of the direct current bus voltage and a dynamic change of the power grid frequency.
[0098] Specifically, the first controller 23 adjusts, according to both the voltage-active power droop control policy and the
active power-frequency droop control policy, the active power output by the inverter 22. It can be learned from the foregoing
formula 1 that, when the power grid frequency remains unchanged, because the direct current converter 21 operates in an
MPPT mode, as the direct current bus voltage gradually increases within a range of [Ubusmin, Ubusmax], it indicates that
when an electric energy yield of the photovoltaic power generation system 20 gradually increases, the active power output
by the inverter 22 may be controlled without affecting operation of the power grid, to increase monotonically. For the
correspondence between the active power output by the inverter 22 and the direct current voltage, refer to FIG. 3. The
range of the direct current bus voltage is an operating range of the direct current bus during normal operation of the direct
current converter 21, and is determined based on an operating voltage of the direct current converter 21 and an alternating
current voltage amplitude at an output side of the inverter.

[0099] Duringactual application, the first controller may periodically obtain the power grid frequency and the first voltage
in a process of controlling an operating state of the inverter based on the first drive signal; and when itis determined that the
power grid frequency obtained this time is the same as a power grid frequency obtained at an adjacent time and that the first
voltage obtained this time is greater than a first voltage obtained last time, adjust the first drive signal, to increase an active
power output by the photovoltaic power generation system. The active power output by the photovoltaic power generation
system is less than or equal to a first specified value after the first drive signal is adjusted, and the first specified value is a
maximum active power output by the photovoltaic power generation system during normal operation of the power grid. The
first specified value may be configured based on an electric energy device connected to the power grid.

[0100] Inanexample, when the active power output by the inverter 22 increases, the power grid frequency increases,
and another device on the power grid may reduce an amount of electric energy transmitted to the power grid, to implement
coordinated control with the another device on the power grid.

[0101] Specifically, the first controller 23 adjusts, according to both the voltage-active power droop control policy and the
active power-frequency droop control policy, the active power output by the inverter 22. It can be learned from the formula 1
that, when the direct current bus voltage remains unchanged, as the power grid frequency gradually increases within a
range of [fregmin, freqmax], it indicates that when an active power currently transmitted on the power grid gradually
increases and exceeds the active power actually required by the power grid, the active power output by the inverter 22 may
be controlled to decrease monotonically. For the correspondence between the active power output by the inverter 22 and
the power grid frequency, refer to FIG. 4. The range of the power grid frequency is a fluctuation range during normal
operation of the power grid.

[0102] Duringactual application, the first controller may periodically obtain the power grid frequency and the first voltage
in a process of controlling an operating state of the inverter based on the first drive signal; and adjust the first drive signal
when itis determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent time and
that the power grid frequency obtained this time is greater than a power grid frequency obtained last time, to reduce an
active power output by the photovoltaic power generation system. The active power output by the photovoltaic power
generation system is greater than or equal to a second specified value after the first drive signal is adjusted, and the second
specified value is a minimum active power output by the photovoltaic power generation system during normal operation of
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the power grid.

[0103] It can be learned from FIG. 3, FIG. 4, and content of the formula 1 that, when the active power output by the
inverter 22 is fixed, for a correspondence between the direct current bus voltage and the power grid frequency, referto FIG.
5.

Embodiment 2

[0104] During actual application, the first controller 23 generates a first drive signal based on an active power output by
the inverter 22 and a power grid frequency.

[0105] Specifically, the first controller 23 may generate a first voltage control signal based on a first power difference and
a second frequency difference, and generate the first drive signal based on the first voltage control signal and an operating
parameter of a power grid. The first power difference is a difference between the active power output by the inverter 22 and
a first reference power, the second frequency difference is a difference between the power grid frequency and a second
reference frequency, the first reference power is a rated active power output by the inverter 22 during normal operation of
the power grid, and the first reference frequency is a rated frequency during normal operation of the power grid.
[0106] During actual application, when the power grid frequency is higher than the second reference frequency, it
indicates that an active power currently transmitted on the power grid is higher than an active power actually required by the
power grid. When the power grid frequency is lower than the second reference frequency, it indicates that an active power
currently transmitted on the power grid is lower than an active power actually required by the power grid, and an active
power-frequency droop control policy is established based on a correspondence between the power grid frequency and
the active power. Similarly, when the power grid frequency is higher than the second reference frequency, a direct current
bus voltage increases; or when the power grid frequency is lower than a first reference frequency, a direct current bus
voltage decreases. A voltage-frequency droop control policy is established based on a correspondence between the
power grid frequency and the direct current bus voltage. A first voltage for frequency support is calculated according to the
foregoing two droop control policies.

[0107] Specifically, the first controller 23 obtains a first direct current voltage based on the first power difference and a
third droop coefficient, where the third droop coefficient is determined based on a correspondence between an active
power output by the direct current converter 21 and a direct current output by the direct current converter 21; obtains a
second direct current voltage based on the second frequency difference and a fourth droop coefficient, where the fourth
droop coefficient is determined based on a correspondence between the power grid frequency and the direct current
outputby the direct current converter; and generates the first voltage control signal based on the first direct current voltage,
the second direct current voltage, and a third direct current voltage. The third direct current voltage is an initial direct current
voltage delivered by a plant management system, and the plant management system is configured to control an operating
state of a photovoltaic power generation system.

[0108] Itshould be understood that the inverter 22 may operate inan MPPT mode. The inverter 22 may control an output
power of the direct current converter by adjusting the output voltage of the direct current converter. When an input voltage
ofthe inverter 22 changes, a voltage output by the inverter to the power grid also changes, to implement frequency support.
[0109] Inanexample, the first controller 23 may be separately connected to a first sensor and a second sensor. The first
sensor is configured to detect the operating parameter of the power grid, and the second sensor is configured to detect the
active power output by the inverter 22. The first sensor and the second sensor each are an alternating current sensor, for
example, a Hall effect sensor.

[0110] Specifically, the first controller 23 dynamically adjusts a direct current voltage at an inverter side based on a
dynamic change of the power grid frequency and a dynamic change of the active power output by the inverter 22.
Specifically, the first controller 23 calculates, according to the following formula, the first voltage control signal for
frequency support:

U{S\f/Bus = Dup * (PINVRef - l:)INV) + Duf * (freq - f::g) + U{S\f/Buso (Formula 2)

£ £
Umiveus indicates the generated first voltage control signal, UlnvBuso indicates the initial direct current voltage delivered
by the plant management system, Dup indicates the third droop coefficient, Duf indicates the fourth droop coefficient,
Pinvref indicates a power instruction value, Py indicates the active power output by the inverter, f., indicates the power

ref
grid frequency, and "% indicates a reference frequency.

[0111] The third droop coefficient is determined based on the correspondence between the active power output by the
direct current converter 21 and the direct current output by the direct current converter, and the fourth droop coefficient is
determined based on the correspondence between the power grid frequency and the direct current output by the direct
current converter 21.
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[0112] Specifically, the third droop coefficientis set based on a curve of a correspondence between the direct currentbus
voltage and the active power output by the inverter 22, and the fourth droop coefficient is set based on a curve of a
correspondence between the first voltage output by the direct current converter 21 and the power grid frequency. The
foregoing values may be configured by using a proportional controller, an integrator, another combination, or a user
selection.

[0113] Referto FIG. 2. The first controller 23 generates, according to the foregoing formula 2, the first voltage control
signal for implementing frequency support, and generates a second modulated wave signal based on the first voltage
control signal and a current operating parameter of the power grid. After the second modulated wave signal is compared
with a second carrier signal, the first drive signal is generated, and is sent to switching transistors in the inverter 22. The
switching transistors in the inverter 22 adjust a conduction time sequence of the switching transistors under control of the
second drive signal, to adjust the active power output by the inverter 22, so as to implement a frequency support function.
The second carrier signal may be a sine wave signal with a fixed period or a pulse signal.

[0114] Itcanbelearned fromthe foregoing formula 2 thata direct current voltage output by the direct current converter 21
may be dynamically adjusted based on a dynamic change of the power grid frequency and a dynamic change of the active
power output by the inverter.

[0115] Specifically, the first controller 23 adjusts, according to both the voltage-active power droop control policy and the
voltage-frequency droop control policy, the direct current voltage received by the inverter 22. It can be learned from the
formula 2 that, when the active power output by the inverter 22 remains unchanged, as the power grid frequency gradually
increases within a range of [fregmin, freqmax], it indicates that the active power currently transmitted on the power grid
gradually increases and exceeds the active power actually required by the power grid. A first voltage amplitude output by
the direct current converter 21 may be increased, to reduce the active power output by the inverter 22, so as to ensure
normal operation of the power grid.

[0116] During actual application, the first controller may periodically obtain, based on the first drive signal in a process of
controlling an operating state of the inverter, the power grid frequency and the active power output by the inverter; and
when itis determined that the active power, output by the inverter, obtained this time is the same as an active power, output
by the inverter, obtained at an adjacent time and that the power grid frequency obtained this time is greater than a power
grid frequency obtained last time, adjust the first drive signal, to increase the first voltage output by the direct current
converterand reduce the active power output by the photovoltaic power generation system. The active power output by the
photovoltaic power generation system is greater than or equal to a third specified value after the first drive signal is
adjusted, and the third specified value is a minimum active power output by the photovoltaic power generation system
during normal operation of the power grid.

[0117] Itcanbe furtherlearned from the formula 2 that, when the power grid frequency remains unchanged, as the active
power output by the inverter 22 gradually increases, itindicates that when an electric energy yield of the photovoltaic power
generation system 20 gradually increases, the first voltage amplitude output by the direct current converter may be
increased without affecting operation of the power grid, to control the active power output by the inverter 22 to decrease
monotonically.

[0118] Duringactual application, the first controller may periodically obtain, in a process of controlling an operating state
of the inverter based on the first drive signal, the power grid frequency and the active power output by the inverter; and
whenitis determined that the power grid frequency obtained this time is the same as a power grid frequency obtained atan
adjacent time and that the active power, output by the inverter, obtained this time is greater than an active power, output by
theinverter, obtained lasttime, adjust the firstdrive signal, to increase the first voltage output by the direct current converter
and reduce an active power output by the photovoltaic power generation system. The active power output by the
photovoltaic power generation system is greater than or equal to a fourth specified value after the first drive signal is
adjusted, and the fourth specified value is a minimum active power output by the photovoltaic power generation system
during normal operation of the power grid.

Embodiment 3

[0119] Duringactual application, the first controller 23 may generate a first drive signal based on a first voltage of a direct
current output by the direct current converter 21 and an active power output by the inverter 22.

[0120] Specifically, the first controller 23 generates a first frequency control signal based on a second power difference
and a second voltage difference, and generates the first drive signal based on the first frequency control signal and an
operating parameter of a power grid. The second power difference is a difference between the active power output by the
inverter and a second reference power, the second voltage difference is a difference between the first voltage and a second
reference voltage, the second reference power is a rated active power output by the inverter during normal operation of the
power grid, and the second reference voltage is a rated voltage output by the direct current converter during normal
operation of the power grid.

[0121] During actual application, when the active power output by the inverter 22 is higher than the second reference
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power, it indicates that the active power output by the inverter 22 is higher than an active power actually required by the
power grid, resulting in anincrease of a power grid frequency. When the active power output by the inverter 22 is lower than
the second reference power, it indicates that the active power output by the inverter 22 is lower than an active power
actually required by the power grid, resulting in a decrease of a power grid frequency. An active power-frequency droop
control policy is established based on a correspondence between the active power output by the inverter 22 and the power
grid frequency. Similarly, when the first voltage output by the direct current converter 21 is higher than the second reference
voltage, it indicates that a power transmitted on the power grid exceeds the power actually required by the power grid and
the power grid frequency increases. When the first voltage output by the direct current converter 21 is lower than the
second reference voltage, it indicates that a power transmitted on the power grid is lower than the power actually required
by the power grid and the power grid frequency decreases. A voltage-frequency droop control policy is established based
on a correspondence between the first voltage output by the direct current converter 21 and the power grid frequency, and
a frequency for frequency support is calculated according to the foregoing two droop control policies.

[0122] Specifically, the first controller 23 obtains a first direct current voltage based on a first power difference and a third
droop coefficient, where the third droop coefficient is determined based on a correspondence between an active power
output by the direct current converter and the direct current output by the direct current converter; obtains a second direct
current voltage based on a second frequency difference and a fourth droop coefficient, where the fourth droop coefficientis
determined based on a correspondence between the power grid frequency and the direct current output by the direct
current converter; and generates a first voltage control signal based on the first direct current voltage, the second direct
currentvoltage, and a third direct current voltage. The third direct current voltage is an initial direct current voltage delivered
by a plant management system, and the plant management system is configured to control an operating state of a
photovoltaic power generation system.

[0123] Specifically, the first controller 23 may be separately connected to a direct current sensor and an alternating
current sensor. The direct current sensor is configured to detect the first voltage output by the direct current converter 21,
and the alternating current sensor is configured to detect the active power output by the inverter 22.

[0124] During actual application, the first controller 23 dynamically adjusts, based on a dynamic change of the active
power output by the inverter 22 and a dynamic change of the first voltage output by the direct current converter 21, a
frequency of an alternating current output by the inverter 22. Specifically, the first controller 23 calculates, according to the
following formula, the first frequency control signal for frequency support:

fref = Rgy * (Pinvrer — Pinv) + Rey * (Upus — UlSFpue) + Fisk, (Formula 3)

ref ref
¢4 indicates the generated first frequency control signal, f”’qo indicates an initial frequency delivered by the plant

management system, Rfp indicates a fifth droop coefficient, Rfu indicates a sixth droop coefficient, P yyres indicates the
second reference power, Py, indicates the active power output by the inverter, U, ¢ indicates the first voltage, and

ref
UlnvBus indicates a second reference direct current voltage.

[0125] Specifically, the fifth droop coefficient is determined based on the correspondence between the active power
output by the inverter and the power grid frequency, and the sixth droop coefficient is determined based on the
correspondence between the direct current output by the direct current converter and the power grid frequency. The
foregoing values may be configured by using a proportional controller, an integrator, another combination, or a user
selection.

[0126] RefertoFIG. 2. The first controller 23 generates, according to the foregoing formula 3, the first frequency control
signal for implementing frequency support, and generates a third modulated wave signal based on the first frequency
control signal and a current operating parameter of the power grid. After the third modulated wave signaliis compared with a
third carrier signal, the first drive signal is generated, and is sent to switching transistors in the inverter 22. The switching
transistors in the inverter 22 adjust a conduction time sequence of the switching transistors under control of the second
drive signal, to adjust the active power output by the inverter 22, so as to implement a frequency support function. The third
carrier signal may be a sine wave signal with a fixed period or a pulse signal.

[0127] It can be learned from the foregoing formula 3 that the frequency of the alternating current output by the inverter
may be dynamically changed based on a dynamic change of the first voltage output by the direct current converter and a
dynamic change of the active power output by the inverter.

[0128] Specifically, the first controller 23 adjusts, according to both the active power-frequency droop control policy and
the voltage-frequency droop control policy, a direct current voltage received by the inverter 22. It can be learned from the
formula 3 that, when the active power output by the inverter 22 remains unchanged, because the direct current converter
21 operates in an MPPT mode, and as a direct current bus voltage gradually increases within a range of [Ubusmin,
Ubusmayx], it indicates that when an electric energy yield of the photovoltaic power generation system 20 gradually
increases, the active power output by the inverter 22 may be controlled without affecting operation of the power grid, to
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increase monotonically, the frequency of the alternating current output by the inverter increases, and the corresponding
power grid frequency also increases.

[0129] During actual application, the first controller may periodically obtain, in a process of controlling an operating state
of the inverter based on the first drive signal, the first voltage and the active power output by the inverter; and when it is
determined that the active power, output by the inverter, obtained this time is the same as an active power, output by the
inverter, obtained at an adjacent time and that the first voltage obtained this time is greater than a first voltage obtained last
time, adjust the first drive signal, to increase the frequency of the alternating current output by the inverter and increase an
active power output by the photovoltaic power generation system. After the first drive signal is adjusted, the active power
output by the photovoltaic power generation system is less than or equal to a fifth specified value and the power grid
frequency is less than or equal to a maximum frequency during normal operation of the power grid. The fifth specified value
is a maximum active power output by the photovoltaic power generation system during normal operation of the power grid.
[0130] It can be further learned from the formula 3 that, when the first voltage output by the direct current converter
remains unchanged, as the active power output by the inverter gradually increases, it indicates that when an active power
currently transmitted on the power grid exceeds the active power actually required by the power grid, the power grid
frequency increases. The active power output by the inverter 22 may be controlled to decrease monotonically, and the
frequency of the alternating current output by the inverter 22 may be reduced, to reduce the power grid frequency, so as to
ensure normal operation of the power grid.

[0131] During actual application, the first controller may periodically obtain the first voltage and the active power output
by the inverter in a process of controlling an operating state of the inverter based on the first drive signal; and when it is
determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent time and that the
active power, output by the inverter, obtained this time is greater than an active power, output by the inverter, obtained last
time, adjust the first drive signal, to reduce the frequency of the alternating current output by the inverter and reduce the
active power output by the photovoltaic power generation system. After the first drive signal is adjusted, the active power
output by the photovoltaic power generation system is greater than or equal to a sixth specified value and the power grid
frequency is greater than or equal to a minimum frequency during normal operation of the power grid. The sixth specified
value is a minimum active power output by the photovoltaic power generation system during normal operation of the power
grid.

[0132] Itshould be understood that descriptions of the foregoing three embodiments are merely intended to respectively
describe three manners in which the first controller controls operation of the photovoltaic power generation system. In the
foregoing three embodiments, the first specified value and the fifth specified value may be a same value, and the second
specified value, the third specified value, the fourth specified value, and the sixth specified value may be a same value.
[0133] During actual application, the active power output by the inverter may be separately controlled according to the
foregoing formula 1, or the direct current voltage and the frequency may be controlled according to the foregoing formula 2
and the foregoing formula 3, to implement composite control.

[0134] Referto FIG.2and FIG. 3. The inverter 22 is connected to the direct current converter 21, and the active power
output by the inverter 22 is mainly obtained from the direct current converter 21. To enable the inverter 22 to quickly output
the active power required for frequency support, the photovoltaic power generation system 20 provided in embodiments of
this application may further include a second controller. Refer to FIG. 6. The second controller 25 may be connected to the
direct current converter 21, and may generate a second drive signal based on a third voltage difference between a third
reference voltage and the first voltage, and control, based on the second drive signal, the active power output by the direct
current converter 21. The third reference voltage is a rated voltage output by the direct current converter 21 during normal
operation of the power grid.

[0135] As described above, when the power grid frequency increases, the direct current bus voltage increases, and
when the power grid frequency decreases, the direct current bus voltage decreases. Based on the foregoing relationship
between the frequency and the direct current bus voltage, the second controller 25 may determine a current power grid
frequency by detecting the direct current bus voltage, to output the active power for frequency support to the inverter 22.
[0136] Itshould be understood thatthe second controller 25 may directly adjust, based on the correspondence between
the power grid frequency and the direct current bus voltage, the active power by detecting a current direct current bus
voltage, so that a frequency at a power grid side does not need to be obtained through a high-speed transmission line, and
a problem that frequency support of the direct current converter 21 is limited by frequency sampling performance and high-
speed communication performance can be resolved. In addition, the direct current converter 21 may control the direct
current bus voltage, to indicate an electric energy generation status of the photovoltaic power generation system by using
the inverter, so that the inverter can control, based on the electric energy generation status, an active power output to the
power grid, and notify, through a change of the power grid frequency, another device connected to the power grid.
[0137] During specificimplementation, the second controller is specifically configured to: determine an operating mode
of the direct current converter, where the operating mode includes a unidirectional support mode and a bidirectional
support mode; generate the third reference voltage based on the operating mode of the direct current converter and an
operating parameter of the direct current converter, where the operating parameter of the direct current converter includes
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one or more of an input current, an input voltage, and an input power; obtain a fourth power based on the third voltage
difference and a seventh droop coefficient, where the seventh droop coefficientis determined based on a correspondence
between the output voltage of the direct current converter and the active power output by the direct current converter;
determine a second active power control signal based on the fourth power and a maximum power MPPE; and generate the
second drive signal based on the second active power control signal and an input parameter of the direct current converter.
[0138] Inanexample, the second controller may further include a direct current detection unit, configured to detect the
direct current bus voltage to obtain the first voltage, and output the first voltage to a second droop calculation unit.
[0139] Inanother example, the second controller 25 is connected to the direct current sensor, a signal input end of the
direct current sensor is connected to an output end of the direct current converter, a signal output end of the direct current
sensor is connected to the second controller 25, and the second controller 25 obtains the first voltage by using the direct
current sensor.

[0140] After receiving the first voltage and a reference voltage generated by a mode selection unit, the second droop
calculation unit calculates, according to the following formula, the second active power control signal for implementing
frequency support:

Pest = Puppe + Dpy * (URgus — Upys) (Formula 4)

[0141] Pggr indicates the generated second active power control signal, Py ppg indicates the estimated maximum
power, and Dpy, indicates the seventh droop coefficient. The seventh droop coefficient Dpy, may be, but is not limited to, a
constant, an exponent, and a power exponent.

[0142] It can be learned from the formula 4 that, when an illumination status of the photovoltaic module 24 is fixed, the
maximum power is fixed, and the active power output by the direct current converter 21 is determined based on the
reference voltage.

£
[0143] Specifically, the second controller 25 may determine the third reference voltage Ubstbus according to the
following formula:

UﬁesftBus = UBStBusRef + dU(P' Ubus'A P) (Formula 5)

[0144] Uggysrerindicates aspecified value, dU(P, U, ., A P) indicates a dynamic voltage adjustment value, P indicates
the maximum power output by the inverter, and A P indicates a specified additional reserved power. The dynamic voltage
adjustment value may be obtained by using a proportional controller, an integrator, or another combination.

[0145] It should be understood that, when the illumination status of the photovoltaic module 24 changes, photoelectric
conversion efficiency of the photovoltaic module 24 changes. To achieve a maximum electric energy yield of the
photovoltaic power generation system, the direct current converter 24 connected to the photovoltaic module 24
dynamically adjusts a voltage of the direct current converter, to operate in the MPPT mode.

[0146] Duringactual application, whenthe directcurrentconverter 21 operatesin the unidirectional supportmode, A Pis
zero. When the direct current converter 21 operates in the bidirectional support mode, A P is less than the maximum power
and greater than zero, for example, A P may be 10% of the maximum power, and then another value may be selected, for
example, 15% of the maximum power. A P is set, to control the direct current converter to operate at areduced power, so as
to implement bidirectional support for the power grid frequency.

[0147] It can be learned from the formula 5 that, when the mode selection unit determines that the direct current
converter operates in the unidirectional support mode, the bus reference voltage of the direct current converter is mainly
determined based on a dynamic voltage point, in other words, the direct current converter 21 has a unidirectional support
capability of quickly reducing the power, but does not have a support capability of quickly increasing the power. However,
the direct current converter can operate in the MPPT mode during normal operation of the power grid, to ensure the electric
energy Yield of the photovoltaic power generation system.

[0148] RefertoFIG. 7. The direct current converter 21 outputs a maximum power Pmppt1 at an operation point O1, and
has a fast unidirectional power support capability. When illumination on the photovoltaic module 24 is increased, an output
power of an MPPT unitis increased. According to the formula 4 and the formula 5, the MPPT unit moves the dynamic point
of the direct current converter 21 to a maximum power point O2, in other words, a mode selection module updates a

reference value UrBCSftB us of a direct current voltage droop to a point U2, so that the direct current converter operates in the
MPPT mode, and has a fast unidirectional power support capability. When illumination on the photovoltaic module 24 is
reduced, an operating voltage of the direct current converter is reduced to a maximum power point O3 through calculation
according to the formula 2 and the formula 3, so that the direct current converter operates in the MPPT mode, and has a fast
unidirectional power support capability.

[0149] Refer to content of the formula 1 to the formula 5. If the direct current converter operates in the unidirectional
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support mode, when the system detects that the power grid frequency increases and the power grid frequency decreases,
fluctuation of the active power output by the direct current converter and fluctuation of the active power output by the
inverter may be shown in FIG. 8 and FIG. 9.

[0150] It can be learned from the formula 5 that, when the mode selection unit determines that the direct current
converter operates in the bidirectional support mode, not only the bus reference voltage of the direct current converter is
determined based on the dynamic point, but also the additional reserved power is reduced based on A P, to reduce the
reference voltage of the direct current bus, so that the direct current converter operates in a power reservation mode, in
other words, during normal operation, the direct current converter reduces the power for outputting. Therefore, when the
power grid frequency decreases or increases, the output power of the inverter can be quickly increased or reduced, to
implement a bidirectional support capability. For a correspondence between the active power output by the direct current
converter and the direct current bus voltage, refer to FIG. 10.

[0151] Referto the content of the formula 1 to the formula 5. If the direct current converter operates in the bidirectional
support mode, when the system detects that the power grid frequency increases and the power grid frequency decreases,
fluctuation of the active power output by the direct current converter and fluctuation of the active power output by the
inverter may be shown in FIG. 11 and FIG. 12.

[0152] Selection ofthe operating mode of the direct current converter may be setbased on a user selection or may be set
by receiving a selection instruction delivered by an upper layer. Certainly, the selection of the operating mode may be
alternatively setin another manner. For example, a default operating mode is set for the direct current converter. When the
photovoltaic power generation system is grid-connected, operation of the direct current converter may be controlled in the
default operating mode.

[0153] Optionally, this application is applicable to grid-connected architectures of other new energy systems, for
example, a wind power generation system and a water power generation system, where the new energy systems each
are an application scenario in which a grid-connected inverter is disposed to perform grid connection based on generated
electric energy; and is also applicable to a large-scale energy storage application scenario, a small/medium-scale
distributed energy storage application scenario, and the like. This is merely an example for description, and a specific
application scenario is not limited in this application. Optionally, this application is also applicable to an off-grid scenario of
the new energy system.

[0154] Based on the foregoing photovoltaic power generation system embodiments, an embodiment of this application
further provides a photovoltaic power generation system control method, applied to a photovoltaic power generation
system. The method may be performed by a controller in the photovoltaic power generation system. Specifically, the
controller in the photovoltaic power generation system includes a first controller connected to an inverter. As shown in FIG.
13, the method provided in this embodiment of this application specifically includes the following steps.

[0155] Step 1301: Monitor an operating parameter of a power grid, a first voltage of a direct current output by a direct
current converter, and an active power output by the inverter. The first voltage is a voltage amplitude of the direct current
output by the direct current converter, and the operating parameter of the power grid includes one or more of a reactive
current, an active current, a reactive power, an active power, a voltage amplitude, and a power grid frequency.

[0156] During specificimplementation, the operating parameter of the power grid, the first voltage, and the active power
output by the inverter may be obtained by using a corresponding alternating current sensor or direct current sensor, for
example, a voltage sensor or a current sensor.

[0157] Step 1302: Generate a first drive signal based on two of the first voltage, the active power output by the inverter,
and the operating parameter of the power grid, and control an operating state of the inverter based on the first drive signal.
In a possible implementation, the generating a first drive signal based on two of the first voltage, the active power output by
the inverter, and the operating parameter of the power grid includes: generating a first active power control signal based on
a first voltage difference and a first frequency difference, where the first voltage difference is a difference between the first
voltage and a first reference voltage, the first frequency difference is a difference between the power grid frequency and a
first reference frequency, the first reference voltage is a rated voltage output by the direct current converter during normal
operation of the power grid, and the first reference frequency is a rated frequency during normal operation of the power
grid; and generating the first drive signal based on the first active power control signal and the operating parameter of the
power grid.

[0158] In a possible implementation, the generating the first drive signal based on the first active power control signal
and the operating parameter of the power grid includes: generating a first modulated wave signal based on the first active
power control signal and the operating parameter of the power grid; and generating the first drive signal based on the first
modulated wave signal and a first carrier signal, where the first carrier signal is a sine wave signal with a fixed period or a
pulse signal.

[0159] Inapossibleimplementation, the generating a first active power control signal based on a first voltage difference
and a first frequency difference includes: obtaining the first power based on the first voltage difference and a first droop
coefficient, where the first droop coefficient is determined based on a correspondence between the direct current voltage
output by the direct current converter and the active power output by the direct current converter; obtaining a second power
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based on the first frequency difference and a second droop coefficient, where the second droop coefficient is determined
based on a correspondence between the power grid frequency and the active power output by the inverter; and generating
the first active power control signal based on the first power, the second power, and a third power, where the third power is
aninitial active power delivered by a plant management system, and the plant management system is configured to control
an operating state of the photovoltaic power generation system.

[0160] Inapossibleimplementation, the control method furtherincludes: obtaining the power grid frequency and the first
voltage in a process of controlling the operating state of the inverter based on the first drive signal; and when it is
determined that the power grid frequency obtained this time is the same as a power grid frequency obtained at an adjacent
time and that the first voltage obtained this time is greater than a first voltage obtained last time, adjusting the first drive
signal, to increase an active power output by the photovoltaic power generation system, where the active power output by
the photovoltaic power generation system s less than or equal to afirst specified value after the first drive signal is adjusted,
and the first specified value is a maximum active power output by the photovoltaic power generation system during normal
operation of the power grid.

[0161] Inapossibleimplementation, the control method further includes: obtaining the power grid frequency and the first
voltage in a process of controlling the operating state of the inverter based on the first drive signal; and when it is
determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent time and that the
power grid frequency obtained this time is greater than a power grid frequency obtained last time, adjusting the first drive
signal, to reduce an active power output by the photovoltaic power generation system, where the active power output by
the photovoltaic power generation system is greater than or equal to a second specified value after the first drive signal is
adjusted, and the second specified value is a minimum active power output by the photovoltaic power generation system
during normal operation of the power grid.

[0162] Ina possible implementation, the generating a first drive signal based on two of the first voltage, the active power
output by the inverter, and the operating parameter of the power grid includes: generating a first voltage control signal
based on a first power difference and a second frequency difference, where the first power difference is a difference
between the active power output by the inverter and a first reference power, the second frequency difference is a difference
between the power grid frequency and a second reference frequency, the first reference power is a rated active power
output by the inverter during normal operation of the power grid, and the first reference frequency is a rated frequency
during normal operation of the power grid; and generating the first drive signal based on the first voltage control signal and
the operating parameter of the power grid.

[0163] Ina possible implementation, the generating the first drive signal based on the first voltage control signal and the
operating parameter of the power grid includes: generating a second modulated wave signal based on the first voltage
control signal and the operating parameter of the power grid; and generating the first drive signal based on the second
modulated wave signal and a second carrier signal, where the second carrier signal is a sine wave signal with a fixed period
or a pulse signal.

[0164] Ina possible implementation, the generating a first voltage control signal based on a first power difference and a
second frequency difference includes: obtaining a first direct current voltage based on the first power difference and a third
droop coefficient, where the third droop coefficient is determined based on a correspondence between an active power
output by the direct current converter and the direct current output by the direct current converter; obtaining a second direct
currentvoltage based on the second frequency difference and a fourth droop coefficient, where the fourth droop coefficient
is determined based on a correspondence between the power grid frequency and the direct current output by the direct
current converter; and generating the first voltage control signal based on the first direct current voltage, the second direct
current voltage, and a third direct current voltage, where the third direct current voltage is an initial direct current voltage
delivered by a plant management system, and the plant management system is configured to control an operating state of
the photovoltaic power generation system.

[0165] Inapossibleimplementation, the control method furtherincludes: in a process of controlling the operating state of
the inverter based on the first drive signal, obtaining the power grid frequency and the active power output by the inverter;
and when it is determined that the active power, output by the inverter, obtained this time is the same as an active power,
output by the inverter, obtained at an adjacent time and that the power grid frequency obtained this time is greater than a
power grid frequency obtained last time, adjusting the first drive signal, to increase the first voltage output by the direct
current converter and reduce an active power output by the photovoltaic power generation system. The active power
output by the photovoltaic power generation system is greater than or equal to a third specified value after the first drive
signal is adjusted, and the third specified value is a minimum active power output by the photovoltaic power generation
system during normal operation of the power grid.

[0166] Inapossibleimplementation, the control method furtherincludes: in a process of controlling the operating state of
the inverter based on the first drive signal, obtaining the power grid frequency and the active power output by the inverter;
and when it is determined that the power grid frequency obtained this time is the same as a power grid frequency obtained
at an adjacent time and that the active power, output by the inverter, obtained this time is greater than an active power,
output by the inverter, obtained last time, adjusting the first drive signal, to increase the first voltage output by the direct
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current converter and reduce an active power output by the photovoltaic power generation system. The active power
output by the photovoltaic power generation system is greater than or equal to a fourth specified value after the first drive
signal is adjusted, and the fourth specified value is a minimum active power output by the photovoltaic power generation
system during normal operation of the power grid.

[0167] Inapossibleimplementation, the generating a first drive signal based on two of the first voltage, the active power
output by the inverter, and the operating parameter of the power grid includes: generating a first frequency control signal
based on a second power difference and a second voltage difference, where the second power difference is a difference
between the active power output by the inverter and a second reference power, the second voltage difference is a
difference between the first voltage and a second reference voltage, the second reference power is a rated active power
output by the inverter during normal operation of the power grid, and the second reference voltage is a rated voltage output
by the direct current converter during normal operation of the power grid; and generating the first drive signal based on the
first frequency control signal and the operating parameter of the power grid.

[0168] Ina possible implementation, the generating the first drive signal based on the first frequency control signal and
the operating parameter of the power grid includes: generating a third modulated wave signal based on the first frequency
control signal and the operating parameter of the power grid; and generating the first drive signal based on the third
modulated wave signal and a third carrier signal, where the third carrier signal is a sine wave signal with a fixed period or a
pulse signal.

[0169] Ina possible implementation, the generating a first frequency control signal based on a second power difference
and a second voltage difference includes: generating a first frequency based on the second power difference and a fifth
droop coefficient, where the fifth droop coefficient is determined based on a correspondence between the active power
output by the inverter and the power grid frequency; generating a second frequency based on the second voltage
difference and a sixth droop coefficient, where the sixth droop coefficient is determined based on a correspondence
between the direct current output by the direct current converter and the power grid frequency; and generating the first
frequency control signal based on the first frequency, the second frequency, and a third frequency, where the third
frequency is an initial frequency delivered by a plant management system, and the plant management system is
configured to control an operating state of the photovoltaic power generation system.

[0170] Inapossibleimplementation, the control method furtherincludes: in a process of controlling the operating state of
the inverter based on the first drive signal, obtaining the first voltage and the active power output by the inverter; and when it
is determined that the active power, output by the inverter, obtained this time is the same as an active power, output by the
inverter, obtained at an adjacent time and that the first voltage obtained this time is greater than a first voltage obtained last
time, adjusting the first drive signal, to increase a frequency of an alternating current output by the inverter and increase an
active power output by the photovoltaic power generation system. After the first drive signal is adjusted, the active power
output by the photovoltaic power generation system is less than or equal to a fifth specified value and the power grid
frequency is less than or equal to a maximum frequency during normal operation of the power grid. The fifth specified value
is a maximum active power output by the photovoltaic power generation system during normal operation of the power grid.
[0171] Inapossible implementation, the control method furtherincludes: in a process of controlling the operating state of
theinverter based on the first drive signal, obtaining the first voltage and the active power output by the inverter; and when it
is determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent time and that the
active power, output by the inverter, obtained this time is greater than an active power, output by the inverter, obtained last
time, adjusting the first drive signal, to reduce a frequency of an alternating current output by the inverter and reduce an
active power output by the photovoltaic power generation system. After the first drive signal is adjusted, the active power
output by the photovoltaic power generation system is greater than or equal to a sixth specified value and the power grid
frequency is greater than or equal to a minimum frequency during normal operation of the power grid. The sixth specified
value is a minimum active power output by the photovoltaic power generation system during normal operation of the power
grid.

[0172] In a possible implementation, the method further includes: generating a second drive signal based on the first
voltage and a third voltage difference, and controlling, based on the second drive signal, the active power output by the
direct current converter, where the third voltage difference is a difference between a third reference voltage and the first
voltage, and the third reference voltage is the rated voltage output by the direct current converter during normal operation
of the power grid.

[0173] Ina possible implementation, the generating a second drive signal based on the first voltage and a third voltage
difference includes: determining an operating mode of the direct current converter, where the operating mode includes a
unidirectional support mode and a bidirectional support mode; generating the third reference voltage based on the
operating mode of the direct current converter and an operating parameter of the direct current converter, where the
operating parameter of the direct current converter includes one or both of an input current and an input power; obtaining a
fourth power based on the third voltage difference and a seventh droop coefficient, where the seventh droop coefficient is
determined based on a correspondence between the output voltage of the direct current converter and the active power
output by the direct current converter; determining a second active power control signal based on the fourth power and a
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maximum power MPPE; and generating the second drive signal based on the second active power control signal and an
input parameter of the direct current converter.

[0174] Ina possible implementation, the generating the second drive signal based on the second active power control
signal and an input parameter of the direct current converter includes: generating a fourth modulated wave signal based on
the second active power control signal and the input parameter of the direct current converter; and generating the second
drive signal based on the fourth modulated wave signal and a fourth carrier signal, where the fourth carrier signal is a sine
wave signal with a fixed period or a pulse signal.

[0175] In a possible implementation, the method further includes: determining the MPPE based on the operating
parameter of the direct current converter.

[0176] Inapossibleimplementation, the generating the third reference voltage based on the operating mode of the direct
current converter and an operating parameter of the direct current converter includes: determining an additional reserved
power based on the operating mode of the direct current converter; and generating the third reference voltage based on the
operating parameter of the direct current converter and the additional reserved power.

[0177] Withreference to the foregoing description, FIG. 14 is a schematic flowchartin which a first controller generates a
first drive signal based on a first voltage and a power grid frequency. As shown in FIG. 14, the first controller performs the
following steps.

[0178] Step 1401: Monitor an operating parameter of a power grid and a first voltage. The operating parameter of the
power grid may include one or more of an active power, a reactive power, an active current, a reactive current, a power grid
voltage, and the power grid frequency.

[0179] Step 1402: Calculate a first voltage difference between the first voltage and a first reference voltage, and a first
frequency difference between the power grid frequency and a first reference frequency.

[0180] Step 1403: Generate afirstactive power control signal based on the first voltage difference and the first frequency
difference.

[0181] Step 1404: Generate the first drive signal based on the first active power control signal and the operating
parameter of the power grid.

[0182] Step 1405: Output the first drive signal to an inverter.

[0183] FIG. 15is a schematic flowchart in which a first controller generates a first drive signal based on an active power
output by an inverter and a power grid frequency. As shown in FIG. 15, the first controller performs the following steps.
[0184] Step 1501: Monitor an operating parameter of a power grid and the active power output by the inverter. The
operating parameter of the power grid may include one or more of an active power, a reactive power, an active current, a
reactive current, a power grid voltage, and the power grid frequency.

[0185] Step 1502: Calculate afirst power difference between the active power output by the inverter and a first reference
power, and a second frequency difference between the power grid frequency and a second reference frequency.
[0186] Step 1503: Generate a first voltage control signal based on the first power difference and the second frequency
difference.

[0187] Step 1504: Generate the first drive signal based on the first voltage control signal and the operating parameter of
the power grid.

[0188] Step 1505: Output the first drive signal to the inverter.

[0189] FIG. 16is a schematic flowchart in which a first controller generates a first drive signal based on an active power
output by an inverter and a first voltage output by a direct current converter. As shown in FIG. 16, the first controller
performs the following steps.

[0190] Step 1601: Monitor the first voltage output by the direct current converter and the active power output by the
inverter.

[0191] Step1602: Calculate a second voltage difference between the first voltage and a second reference voltage, and a
second power difference between the active power output by the inverter and a second reference power.

[0192] Step 1603: Generate a first frequency control signal based on the second power difference and the second
voltage difference.

[0193] Step 1604: Generate the first drive signal based on the first frequency control signal and an operating parameter
of a power grid.

[0194] Step 1605: Output the first drive signal to the inverter.

[0195] During actual application, the active power output by the inverter is supplied by the direct current converter. An
output power also needs to be controlled at a direct current side, to implement frequency support. An inverter controller
generates a second drive signal based on a second voltage difference between a reference voltage and a direct current
bus voltage, and controls, based on the second drive signal, an active power output by the direct current converter.
[0196] Specifically, the inverter controller may obtain a fourth power based on the second voltage difference and a third
droop coefficient, where the third droop coefficient is determined based on a correspondence between the output voltage
ofthe direct current converter and the active power output by the direct current converter; determine a second active power
based on the fourth power and a maximum power; and generate the second drive signal based on a second active power
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control signal and an input parameter of the direct current converter.

[0197] Further, a controllerin a photovoltaic power generation system further includes a second controller connected to
adirect current converter. As shown in FIG. 17, the method provided in this embodiment of this application further includes
the following steps.

[0198] Step 1701: Monitor a first voltage.

[0199] Step 1702: Determine a reference voltage based on an operating mode of the direct current converter.
[0200] Step 1703: Calculate a third voltage difference between a third reference voltage and a first voltage.

[0201] Step 1704: Generate a second active power control signal based on the third voltage difference and a maximum
power.

[0202] Step 1705: Generate a second drive signal based on the second active power control signal and an input
parameter of the direct current converter.

[0203] Step 1706: Send the second drive signal to the direct current converter.

[0204] All or some of the foregoing embodiments may be implemented by software, hardware, firmware, or any
combination thereof. When the software is used for implementation, all or some of the foregoing embodiments may be
implemented in a form of a computer program product. The computer program product includes one or more computer
instructions. When the computer program instructions are loaded and executed on a computer, all or some of the
procedures or functions according to embodiments of this application are generated. The computer may be a general-
purpose computer, a dedicated computer, a computer network, or another programmable apparatus. The computer
instructions may be stored in a computer-readable storage medium or may be transmitted from a computer-readable
storage medium to another computer-readable storage medium. For example, the computer instructions may be
transmitted from a website, computer, server, or data center to another website, computer, server, or data center in a
wired (for example, a coaxial cable, an optical fiber, or a digital subscriber line (digital subscriber line, DSL)) or wireless (for
example, infrared, radio, or microwave) manner. The computer-readable storage medium may be any usable medium
accessible by the computer, or a data storage device, such as a server or a data center, integrating one or more usable
media. The usable medium may be a magnetic medium (for example, a floppy disk, a hard disk drive, or a magnetictape), a
semiconductor medium (for example, a solid state disk (solid state disk, SSD)), or the like.

[0205] Anembodiment of this application further provides a readable storage medium, configured to store the methods
or algorithms provided in the foregoing embodiments, for example, a random access memory (random access memory,
RAM), a flash memory, a read-only memory (read-only memory, ROM), an EPROM memory, a nonvolatile read-only
memory (Electronic Programmable ROM, EPROM), a register, a hard disk drive, a removable disk, or any other form of
storage medium in the art.

[0206] Steps ofthe methods oralgorithms described in embodiments of this application may be directly embeddedintoa
control apparatus. The control apparatus may include a RAM memory, a flash memory, a ROM memory, an EPROM
memory, a register, a hard disk drive, a removable disk, or any other form of storage medium in the art, and is configured to
store the steps of the methods or algorithms provided in embodiments of this application. For example, the storage
medium may be connected to a processing module or a processor (or a controller) in the control apparatus, so that the
processing module or the processor (or the controller) may read information from the storage medium, and may store and
write information to the storage medium. Optionally, the storage medium may be further integrated into the processing
module and the processor (or the controller).

[0207] These computer program instructions may also be loaded onto a computer or another programmable data
processing device, so that a series of operations and steps are performed on the computer or the another programmable
device, thereby generating computer-implemented processing. Therefore, the instructions executed on the computer or
the another programmable device provide steps for implementing a specific function in one or more processes in the
flowcharts and/or in one or more blocks in the block diagrams.

[0208] Although this application is described with reference to specific features and embodiments thereof, it is clear that
various modifications and combinations may be made to them without departing from the protection scope of this
application. Correspondingly, the specification and accompanying drawings are merely example descriptions of this
application defined by the appended claims, and are considered as any of or all modifications, variations, combinations or
equivalents that fall within the scope of this application.

[0209] Itis clear that persons skilled in the art can make various modifications and variations to this application without
departing from the scope of this application. This application is intended to cover these modifications and variations of this
application provided that they fall within the scope of protection defined by the claims and their equivalent technologies.

Claims

1. A photovoltaic power generation system, comprising:
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a direct current converter, configured to connect an output of a photovoltaic module and perform voltage
conversion on a direct current output by the photovoltaic module;

an inverter, configured to convert a direct current output by the direct current converter into an alternating current
and output the alternating current to a power grid; and

afirstcontroller, configured to generate afirstdrive signal based on two of a first voltage of the direct current output
by the direct current converter, an active power output by the inverter, and an operating parameter of the power
grid, and control an operating state of the inverter based on the first drive signal, wherein the first voltage is a
voltage amplitude of the direct current output by the direct current converter, and the operating parameter of the
power grid comprises one or more of a reactive current, an active current, a reactive power, an active power, a
voltage amplitude, and a power grid frequency.

2. The system according to claim 1, wherein the first controller is specifically configured to:

generate a first active power control signal based on a first voltage difference and a first frequency difference,
wherein the first voltage difference is a difference between the first voltage and a first reference voltage, the first
frequency difference is a difference between the power grid frequency and a first reference frequency, the first
reference voltage is a rated voltage output by the direct current converter during normal operation of the power
grid, and the first reference frequency is a rated frequency during normal operation of the power grid; and
generate the first drive signal based on the first active power control signal and the operating parameter of the
power grid.

3. The system according to claim 2, wherein the first controller is specifically configured to:

generate a first modulated wave signal based on the first active power control signal and the operating parameter
of the power grid; and

generate the first drive signal based on the first modulated wave signal and a first carrier signal, wherein the first
carrier signal is a sine wave signal with a fixed period or a pulse signal.

4. The system according to claim 2 or 3, wherein the first controller is specifically configured to:

obtain a first power based on the first voltage difference and a first droop coefficient, wherein the first droop
coefficient is determined based on a correspondence between the direct current output by the direct current
converter and the active power output by the inverter;

obtain a second power based on the first frequency difference and a second droop coefficient, wherein the second
droop coefficient is determined based on a correspondence between the power grid frequency and the active
power output by the inverter; and

generate the first active power control signal based on the first power, the second power, and a third power,
wherein the third power is an initial active power delivered by a plant management system, and the plant
management system is configured to control an operating state of the photovoltaic power generation system.

5. The system according to any one of claims 2 to 4, wherein the first controller is further configured to:

obtain the power grid frequency and the first voltage in a process of controlling the operating state of the inverter
based on the first drive signal; and

when it is determined that the power grid frequency obtained this time is the same as a power grid frequency
obtained at an adjacent time and that the first voltage obtained this time is greater than a first voltage obtained last
time, adjust the first drive signal, to increase an active power output by the photovoltaic power generation system,
wherein the active power output by the photovoltaic power generation system is less than or equal to a first
specified value after the first drive signal is adjusted, and the first specified value is a maximum active power
output by the photovoltaic power generation system during normal operation of the power grid.

6. The system according to any one of claims 2 to 4, wherein the first controller is further configured to:

obtain the power grid frequency and the first voltage in a process of controlling the operating state of the inverter
based on the first drive signal; and

whenitis determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent
time and that the power grid frequency obtained this time is greater than a power grid frequency obtained last time,
adjust the first drive signal, to reduce an active power output by the photovoltaic power generation system,
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wherein the active power output by the photovoltaic power generation system is greater than or equal to a second
specified value after the first drive signal is adjusted, and the second specified value is a minimum active power
output by the photovoltaic power generation system during normal operation of the power grid.

7. The system according to claim 1, wherein the first controller is specifically configured to:

generate a first voltage control signal based on a first power difference and a second frequency difference,
wherein the first power difference is a difference between the active power output by the inverter and a first
reference power, the second frequency difference is a difference between the power grid frequency and a second
reference frequency, the first reference power is a rated active power output by the inverter during normal
operation of the power grid, and the first reference frequency is a rated frequency during normal operation of the
power grid; and

generate the first drive signal based on the first voltage control signal and the operating parameter of the power
grid.

8. The system according to claim 7, wherein the first controller is specifically configured to:

generate a second modulated wave signal based on the first voltage control signal and the operating parameter of
the power grid; and

generate the first drive signal based on the second modulated wave signal and a second carrier signal, wherein
the second carrier signal is a sine wave signal with a fixed period or a pulse signal.

9. The system according to claim 7 or 8, wherein the first controller is specifically configured to:

obtain a first direct current voltage based on the first power difference and a third droop coefficient, wherein the
third droop coefficient is determined based on a correspondence between an active power output by the direct
current converter and the direct current output by the direct current converter;

obtain a second direct current voltage based on the second frequency difference and a fourth droop coefficient,
wherein the fourth droop coefficient is determined based on a correspondence between the power grid frequency
and the direct current output by the direct current converter; and

generate the first voltage control signal based on the first direct current voltage, the second direct current voltage,
and a third direct current voltage, wherein the third direct current voltage is an initial direct current voltage
delivered by a plant management system, and the plant management system is configured to control an operating
state of the photovoltaic power generation system.

10. The system according to any one of claims 7 to 9, wherein the first controller is further configured to:

in a process of controlling the operating state of the inverter based on the first drive signal, obtain the power grid
frequency and the active power output by the inverter; and

when it is determined that the active power, output by the inverter, obtained this time is the same as an active
power, output by the inverter, obtained at an adjacent time and that the power grid frequency obtained this time is
greater than a power grid frequency obtained last time, adjust the first drive signal, to increase the first voltage
output by the direct current converter and reduce an active power output by the photovoltaic power generation
system, wherein the active power output by the photovoltaic power generation system is greaterthan orequaltoa
third specified value after the first drive signal is adjusted, and the third specified value is a minimum active power
output by the photovoltaic power generation system during normal operation of the power grid.

11. The system according to any one of claims 7 to 9, wherein the first controller is further configured to:

in a process of controlling the operating state of the inverter based on the first drive signal, obtain the power grid
frequency and the active power output by the inverter; and

when it is determined that the power grid frequency obtained this time is the same as a power grid frequency
obtained at an adjacent time and that the active power, output by the inverter, obtained this time is greater than an
active power, output by the inverter, obtained last time, adjust the first drive signal, to increase the first voltage
output by the direct current converter and reduce an active power output by the photovoltaic power generation
system, wherein the active power output by the photovoltaic power generation system is greaterthan orequaltoa
fourth specified value after the first drive signal is adjusted, and the fourth specified value is a minimum active
power output by the photovoltaic power generation system during normal operation of the power grid.
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12. The system according to claim 1, wherein the first controller is specifically configured to:

generate a first frequency control signal based on a second power difference and a second voltage difference,
wherein the second power difference is a difference between the active power output by the inverter and a second
reference power, the second voltage difference is a difference between the first voltage and a second reference
voltage, the second reference power is a rated active power output by the inverter during normal operation of the
power grid, and the second reference voltage is a rated voltage output by the direct current converter during
normal operation of the power grid; and

generate the first drive signal based on the first frequency control signal and the operating parameter of the power
grid.

13. The system according to claim 12, wherein the first controller is specifically configured to:

generate a third modulated wave signal based on the first frequency control signal and the operating parameter of
the power grid; and

generate the first drive signal based on the third modulated wave signal and a third carrier signal, wherein the third
carrier signal is a sine wave signal with a fixed period or a pulse signal.

14. The system according to claim 12 or 13, wherein the first controller is specifically configured to:

generate a first frequency based on the second power difference and a fifth droop coefficient, wherein the fifth
droop coefficient is determined based on a correspondence between the active power output by the inverter and
the power grid frequency;

generate a second frequency based on the second voltage difference and a sixth droop coefficient, wherein the
sixth droop coefficient is determined based on a correspondence between the direct current output by the direct
current converter and the power grid frequency; and

generate the first frequency control signal based on the first frequency, the second frequency, and a third
frequency, wherein the third frequency is an initial frequency delivered by a plant management system, and the
plant management system is configured to control an operating state of the photovoltaic power generation
system.

15. The system according to any one of claims 12 to 14, wherein the first controller is further configured to:

in a process of controlling the operating state of the inverter based on the first drive signal, obtain the first voltage
and the active power output by the inverter; and

when it is determined that the active power, output by the inverter, obtained this time is the same as an active
power, output by the inverter, obtained at an adjacent time and that the first voltage obtained this time is greater
than afirst voltage obtained last time, adjust the first drive signal, to increase a frequency of the alternating current
output by the inverter and increase an active power output by the photovoltaic power generation system, wherein
after the first drive signal is adjusted, the active power output by the photovoltaic power generation system is less
than or equal to a fifth specified value and the power grid frequency is less than or equal to a maximum frequency
during normal operation of the power grid; and the fifth specified value is a maximum active power output by the
photovoltaic power generation system during normal operation of the power grid.

16. The system according to any one of claims 12 to 14, wherein the first controller is further configured to:

in a process of controlling the operating state of the inverter based on the first drive signal, obtain the first voltage
and the active power output by the inverter; and

whenitis determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent
time and that the active power, output by the inverter, obtained this time is greater than an active power, output by
the inverter, obtained last time, adjust the first drive signal, to reduce a frequency of the alternating current output
by the inverter and reduce an active power output by the photovoltaic power generation system, wherein after the
first drive signal is adjusted, the active power output by the photovoltaic power generation system is greater than
or equal to a sixth specified value and the power grid frequency is greater than or equal to a minimum frequency
during normal operation of the power grid; and the sixth specified value is a minimum active power output by the
photovoltaic power generation system during normal operation of the power grid.

17. The system according to any one of claims 1 to 16, wherein the photovoltaic power generation system further
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comprises a second controller connected to the direct current converter and configured to: generate a second drive
signal based on the first voltage and a third voltage difference, and control, based on the second drive signal, the active
power output by the direct current converter, wherein the third voltage difference is a difference between a third
reference voltage and the first voltage, and the third reference voltage is the rated voltage output by the direct current
converter during normal operation of the power grid.

The system according to claim 17, wherein the second controller is specifically configured to:

determine an operating mode of the direct current converter, wherein the operating mode comprises a
unidirectional support mode and a bidirectional support mode;

generate the third reference voltage based on the operating mode of the direct current converter and an operating
parameter of the direct current converter, wherein the operating parameter of the direct current converter
comprises one or more of an input current, an input voltage, and an input power;

obtain a fourth power based on the third voltage difference and a seventh droop coefficient, wherein the seventh
droop coefficient is determined based on a correspondence between the output voltage of the direct current
converter and the active power output by the direct current converter;

determine a second active power control signal based on the fourth power and a maximum power MPPE; and
generate the second drive signal based on the second active power control signal and an input parameter of the
direct current converter.

The system according to claim 18, wherein the second controller is specifically configured to:

generate a fourth modulated wave signal based on the second active power control signal and the input
parameter of the direct current converter; and

generate the second drive signal based on the fourth modulated wave signal and a fourth carrier signal, wherein
the fourth carrier signal is a sine wave signal with a fixed period or a pulse signal.

The system according to claim 18 or 19, wherein the second controller is further configured to calculate the MPPE
based on the operating parameter of the direct current converter.

The system according to any one of claims 17 to 20, wherein the direct current controller is specifically configured to:

determine an additional reserved power based on the operating mode of the direct current converter; and
generate the third reference voltage based on the operating parameter of the direct current converter and the
additional reserved power.

A photovoltaic power generation system control method, applied to a photovoltaic power generation system,
comprising:

monitoring an operating parameter of a power grid, a first voltage of a direct current output by a direct current
converter, and an active power output by an inverter; and

generating a first drive signal based on two of the first voltage, the active power output by the inverter, and the
operating parameter of the power grid, and controlling an operating state of the inverter based on the first drive
signal, wherein the first voltage is a voltage amplitude of the direct current output by the inverter, and the operating
parameter of the power grid comprises one or more of a reactive current, an active current, a reactive power, an
active power, a voltage amplitude, and a power grid frequency.

The method according to claim 22, wherein the generating a first drive signal based on two of the first voltage, the
active power output by the inverter, and the operating parameter of the power grid comprises:

generating a first active power control signal based on a first voltage difference and a first frequency difference,
wherein the first voltage difference is a difference between the first voltage and a first reference voltage, the first
frequency difference is a difference between the power grid frequency and a first reference frequency, the first
reference voltage is a rated voltage output by the direct current converter during normal operation of the power
grid, and the first reference frequency is a rated frequency during normal operation of the power grid; and
generating the first drive signal based on the first active power control signal and the operating parameter of the
power grid.
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24. The method according to claim 23, wherein the generating the first drive signal based on the first active power control
signal and the operating parameter of the power grid comprises:
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generating a first modulated wave signal based on the first active power control signal and the operating
parameter of the power grid; and

generating the first drive signal based on the first modulated wave signal and a first carrier signal, wherein the first
carrier signal is a sine wave signal with a fixed period or a pulse signal.

25. The method according to claim 23 or 24, wherein the generating a first active power control signal based on a first
voltage difference and a first frequency difference and generating the first drive signal comprises:

obtaining a first power based on the first voltage difference and a first droop coefficient, wherein the first droop
coefficient is determined based on a correspondence between the direct current voltage output by the direct
current converter and the active power output by the direct current converter;

obtaining a second power based on the first frequency difference and a second droop coefficient, wherein the
second droop coefficient is determined based on a correspondence between the power grid frequency and the
active power output by the inverter; and

generating the first active power control signal based on the first power, the second power, and a third power,
wherein the third power is an initial active power delivered by a plant management system, and the plant
management system is configured to control an operating state of the photovoltaic power generation system.

26. The method according to any one of claims 23 to 25, further comprising:

obtaining the power grid frequency and the first voltage in a process of controlling the operating state of the
inverter based on the first drive signal; and

when it is determined that the power grid frequency obtained this time is the same as a power grid frequency
obtained at an adjacent time and that the first voltage obtained this time is greater than a first voltage obtained last
time, adjusting the first drive signal, to increase an active power output by the photovoltaic power generation
system, wherein the active power output by the photovoltaic power generation system is less than or equal to a
first specified value after the first drive signal is adjusted, and the first specified value is a maximum active power
output by the photovoltaic power generation system during normal operation of the power grid.

27. The method according to any one of claims 23 to 25, further comprising:

obtaining the power grid frequency and the first voltage in a process of controlling the operating state of the
inverter based on the first drive signal; and

whenitis determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent
time and that the power grid frequency obtained this time is greater than a power grid frequency obtained last time,
adjusting the first drive signal, to reduce an active power output by the photovoltaic power generation system,
wherein the active power output by the photovoltaic power generation system is greater than or equal to a second
specified value after the first drive signal is adjusted, and the second specified value is a minimum active power
output by the photovoltaic power generation system during normal operation of the power grid.

28. The method according to claim 22, wherein the generating a first drive signal based on two of the first voltage, the
active power output by the inverter, and the operating parameter of the power grid comprises:

generating a first voltage control signal based on a first power difference and a second frequency difference,
wherein the first power difference is a difference between the active power output by the inverter and a first
reference power, the second frequency difference is a difference between the power grid frequency and a second
reference frequency, the first reference power is a rated active power output by the inverter during normal
operation of the power grid, and the first reference frequency is a rated frequency during normal operation of the
power grid; and

generating the first drive signal based on the first voltage control signal and the operating parameter of the power
grid.

29. The method according to claim 28, wherein the generating the first drive signal based on the first voltage control signal
and the operating parameter of the power grid comprises:
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generating a second modulated wave signal based on the first voltage control signal and the operating parameter
of the power grid; and

generating the first drive signal based on the second modulated wave signal and a second carrier signal, wherein
the second carrier signal is a sine wave signal with a fixed period or a pulse signal.

30. The method according to claim 28 or 29, wherein the generating a first voltage control signal based on a first power
difference and a second frequency difference comprises:

obtaining afirst direct current voltage based on the first power difference and a third droop coefficient, wherein the
third droop coefficient is determined based on a correspondence between an active power output by the direct
current converter and the direct current output by the direct current converter;

obtaining a second direct current voltage based on the second frequency difference and a fourth droop coefficient,
wherein the fourth droop coefficient is determined based on a correspondence between the power grid frequency
and the direct current output by the direct current converter; and

generating the first voltage control signal based on the first direct current voltage, the second direct current
voltage, and a third direct current voltage, wherein the third direct current voltage is an initial direct current voltage
delivered by a plant management system, and the plant management system is configured to control an operating
state of the photovoltaic power generation system.

31. The method according to any one of claims 28 to 30, further comprising:

in a process of controlling the operating state of the inverter based on the first drive signal, obtaining the power grid
frequency and the active power output by the inverter; and

when it is determined that the active power, output by the inverter, obtained this time is the same as an active
power, output by the inverter, obtained at an adjacent time and that the power grid frequency obtained this time is
greater than a power grid frequency obtained last time, adjusting the first drive signal, to increase the first voltage
output by the direct current converter and reduce an active power output by the photovoltaic power generation
system, wherein the active power output by the photovoltaic power generation systemis greaterthan orequaltoa
third specified value after the first drive signal is adjusted, and the third specified value is a minimum active power
output by the photovoltaic power generation system during normal operation of the power grid.

32. The method according to any one of claims 28 to 30, further comprising:

in a process of controlling the operating state of the inverter based on the first drive signal, obtaining the power grid
frequency and the active power output by the inverter; and

when it is determined that the power grid frequency obtained this time is the same as a power grid frequency
obtained at an adjacent time and that the active power, output by the inverter, obtained this time is greater than an
active power, output by the inverter, obtained last time, adjusting the first drive signal, to increase the first voltage
output by the direct current converter and reduce an active power output by the photovoltaic power generation
system, wherein the active power output by the photovoltaic power generation systemis greaterthan orequaltoa
fourth specified value after the first drive signal is adjusted, and the fourth specified value is a minimum active
power output by the photovoltaic power generation system during normal operation of the power grid.

33. The method according to claim 22, wherein the generating a first drive signal based on two of the first voltage, the
active power output by the inverter, and the operating parameter of the power grid comprises:

generating a first frequency control signal based on a second power difference and a second voltage difference,
wherein the second power difference is a difference between the active power output by the inverter and a second
reference power, the second voltage difference is a difference between the first voltage and a second reference
voltage, the second reference power is a rated active power output by the inverter during normal operation of the
power grid, and the second reference voltage is a rated voltage output by the direct current converter during
normal operation of the power grid; and

generating the first drive signal based on the first frequency control signal and the operating parameter of the
power grid.

34. The method according to claim 33, wherein the generating the first drive signal based on the first frequency control
signal and the operating parameter of the power grid comprises:
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generating a third modulated wave signal based on the first frequency control signal and the operating parameter
of the power grid; and

generating the first drive signal based on the third modulated wave signal and a third carrier signal, wherein the
third carrier signal is a sine wave signal with a fixed period or a pulse signal.

The method according to claim 33 or 34, wherein the generating a first frequency control signal based on a second
power difference and a second voltage difference comprises:

generating a first frequency based on the second power difference and a fifth droop coefficient, wherein the fifth
droop coefficient is determined based on a correspondence between the active power output by the inverter and
the power grid frequency;

generating a second frequency based on the second voltage difference and a sixth droop coefficient, wherein the
sixth droop coefficient is determined based on a correspondence between the direct current output by the direct
current converter and the power grid frequency; and

generating the first frequency control signal based on the first frequency, the second frequency, and a third
frequency, wherein the third frequency is an initial frequency delivered by a plant management system, and the
plant management system is configured to control an operating state of the photovoltaic power generation
system.

The method according to any one of claims 33 to 35, further comprising:

in a process of controlling the operating state of the inverter based on the first drive signal, obtaining the first
voltage and the active power output by the inverter; and

when it is determined that the active power, output by the inverter, obtained this time is the same as an active
power, output by the inverter, obtained at an adjacent time and that the first voltage obtained this time is greater
than a first voltage obtained last time, adjusting the first drive signal, to increase a frequency of an alternating
current output by the inverter and increase an active power output by the photovoltaic power generation system,
wherein after the first drive signal is adjusted, the active power output by the photovoltaic power generation
system is less than or equal to a fifth specified value and the power grid frequency is less than or equal to a
maximum frequency during normal operation of the power grid; and the fifth specified value is a maximum active
power output by the photovoltaic power generation system during normal operation of the power grid.

The method according to any one of claims 33 to 35, further comprising:

in a process of controlling the operating state of the inverter based on the first drive signal, obtaining the first
voltage and the active power output by the inverter; and

whenitis determined that the first voltage obtained this time is the same as a first voltage obtained at an adjacent
time and that the active power, output by the inverter, obtained this time is greater than an active power, output by
the inverter, obtained last time, adjusting the first drive signal, to reduce a frequency of an alternating current
output by the inverter and reduce an active power output by the photovoltaic power generation system, wherein
after the first drive signal is adjusted, the active power output by the photovoltaic power generation system is
greater than or equal to a sixth specified value and the power grid frequency is greater than or equal to a minimum
frequency during normal operation of the power grid; and the sixth specified value is a minimum active power
output by the photovoltaic power generation system during normal operation of the power grid.

The method according to any one of claims 22 to 37, wherein the method further comprises:

generating a second drive signal based on the first voltage and a third voltage difference, and controlling, based on the
second drive signal, the active power output by the direct current converter, wherein the third voltage difference is a
difference between a third reference voltage and the first voltage, and the third reference voltage is the rated voltage
output by the direct current converter during normal operation of the power grid.

The method according to claim 28, wherein the generating a second drive signal based on the first voltage and a third
voltage difference comprises:

determining an operating mode of the direct current converter, wherein the operating mode comprises a
unidirectional support mode and a bidirectional support mode;

generating the third reference voltage based on the operating mode of the direct current converter and an
operating parameter of the direct current converter, wherein the operating parameter of the direct current
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converter comprises one or both of an input current and an input power;

obtaining a fourth power based on the third voltage difference and a seventh droop coefficient, wherein the
seventh droop coefficient is determined based on a correspondence between the output voltage of the direct
current converter and the active power output by the direct current converter;

determining a second active power control signal based on the fourth power and a maximum power MPPE; and
generating the second drive signal based on the second active power control signal and an input parameter of the
direct current converter.

40. The method according to claim 39, wherein the generating the second drive signal based on the second active power
control signal and an input parameter of the direct current converter comprises:

generating a fourth modulated wave signal based on the second active power control signal and the input
parameter of the direct current converter; and

generating the second drive signal based on the fourth modulated wave signal and a fourth carrier signal, wherein
the fourth carrier signal is a sine wave signal with a fixed period or a pulse signal.

41. The method according to claim 39 or 40, wherein the method further comprises: determining the MPPE based on the
operating parameter of the direct current converter.

42. The method according to any one of claims 39 to 41, wherein the generating the third reference voltage based on the
operating mode of the direct current converter and an operating parameter of the direct current converter comprises:

determining an additional reserved power based on the operating mode of the direct current converter; and

generating the third reference voltage based on the operating parameter of the direct current converter and the
additional reserved power.
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